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Editor of The American Journal of the Medical Sciences, 1901-190! 
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OBITUARY 


Dr. Francis R. Packard, formerly Editor of this Journal, died at the Pennsyl- 
vania Hospital, to which he had given so much of his professional life, on April 18, 
from complications following a fall in his home a few weeks earlier. Dr. Packard 
retained his remarkable intellectual qualities unimpaired into his SIst vear. Eminent 
and highly honored in his professional specialty, he was more enamored of the 
cultural, literary and historical aspects of medicine. He wrote and spoke on such 
matters extensively and charmingly, his phenomenal memory serving him especially 
well in extemporaneous remarks. In addition to his participation in the Library 
Company, the Corporation of the Union Library Catalogue, the Shakespeare 
Society, the Franklin Inn, the Historical Society of Pennsylvania, and the American 
Philosophical Society, he was especially devoted to the Pennsylvania Hospital and 
the College of Physicians of Philadelphia. At the College, as with Osler, his special 
interest was in the Library, which he served as a Committee member and as Honor- 
ary Librarian; when money was needed ina hurry to secure an unexpected rarity, 
he was not appealed to in vain. As president, he conducted, the affairs of the College 
wisely, and as a life Councillor he attended meetings with great regularity up to the 
time of his last illness. At the Pennsylvania Hospital he was one of the three 
internes whom the Hospital required in 1894 5. His connection with the hospital 
continued throughout his life, in various staff positions and eventually as Keeper of 
the Archives. Here, too, he was deeply interested in the library, which for nearly 
a century had been the largest and best in the city. In World War I he served for 
two years in France with the Pennsylvania Hospital unit (Base Hospital 10, 16 
Genl. BEF) and, according to the British procedure, went with a surgical team to a 
Casualty Clearing Station in times of stress. 


Dr. Packard was the son of Dr. John TH. Packard, himself an eminent surgeon on 
the staff of the Pennsylvania Hospital and one-time Vice-president of the College of 
Physicians. His brother, Dr. Frederick Packard, was one of the most promising of 
the new type of internists, who unfortunately died of typhoid fever at the age of 
forty. Francis, the younger brother, was graduated from the biology department of 
the University of Pennsylvania in 1889 and received his M.D. in 1892. As a widely 
known oto-laryngologist, he was elected President of the American Otological 
Society in 1981, and of the American Laryngological Society in 1985, and an honor- 
iry member of the Academy of Stomatology. 


Dr. Packard’s most ambitious historical work was a History of Medicine in the 

United States (1901, 2d enlarged edition, 1919). He wrote books on Paré, the School 
if Salerno, the Gold Headed Cane, an abridged History of the Pennsylvania Hospital 
1751-1938), a textbook on Diseases of the Ear, Nose and Throat (1909), and also 
nany journal articles. He was the first and only Editor of The Annals of Medical 
History, which, having survived World War I after twenty-five years as the world’s 
eading journal of medical history, succumbed to the exigencies of World War II. 


Dr. Packard succeeded Dr. Alfred Stengel in 1901 as Editor of The American 
Journal of the Medical Sciences, the sixth in eighty-one vears. The short five and a 
half vears of his Editorship (January 1901 to July 1906) were among the most fertile 
periods of that length in the history of medicine; in them a number of the basic medi 
cal sciences made their early important contributions. The theory of mutations, the 
sex chromosome, Landsteiner’s blood groups, opsonins, the complement. fixation 
method, anaphylaxis, the discovery of the inoculability of syphilis into apes, the try 
panosome of sleepingsickness, the treponema pallidum, the Wassermann test, Gowland 
Hopkins’ accessory food factors (vitamins), the modern study of internal secretions 
and the name™ hormones “itself, theelectrocardiograph — all saw the light in this briet 
period. The orientation toward biochemistry was accelerated during these vears by 
new societies and the creation of the three chief journals on the subject, and organiza 
tion of investigative effort was promoted by the foundation of a number of Institutes 

Rockefeller, Oswaldo Cruz, Lister, McCormack, Phipps, U.S. Hygienic Labora 
tory, ete.). Truly a prodigious record! The Yellow Journal” under Dr. Packard's 
enthusiastic young editorship kept pace with and not infrequently contributed to 


these advances and their applications to clinical medicine. 


During this period the form of the Journal changed but little from previous vears, 
and in fact has changed but little in the succeeding forty-four vears. Original Com 
munications then and now filled most of the space, the remainder being occupied by 
Book Reviews and Progress Departments. Then and now the Journal had its 
distinctive yellow cover. The title page had the same wording, though differently 
typed and spaced. We like to think that this same stability without rigidity is char 
acteristic of the Journal, its owner-publishers, and its editorial boards, and not 


without its special value in this rapidly changing, restless world. 


Dr. Packard liked his editorial job, as he has often assured me, but pressure of 
other work soon made it necessary for him to resign in favor of A. O. J. Kelly. May 


his memory long remain green in our publishing and editorial offices! 


THE EDITOR 
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ARTERIAL INSUFFICIENCY STUDIED BY SEVERAL PLETHYSMO- 
GRAPHIC TECHNIQUES EMPLOYING OCCLUSION OF 
THE ARTERIES OF THE EXTREMITY® 
By Travis Winsor, M.D. 
R. E. Morrison, M.D. 
B. O. Konno, M.D. 


AND 
YamMaucui, M.D. 
LOS ANGELES, CALIFORNIA 


From the Nash Cardiovascular Foundation, Hospital of the Good Samaritan and the Depart- 


ment of Medicine, University of Southern California Medical School) 


\RTERIAL occlusion of an extremity 


‘ten aids in determining the most 
lective type of medical or surgical 


itment for patients with peripheral 
erial disease by demonstrating the 
vree of vasodilatation distal to the 
luding cuff following release of the 
terial occlusion. The present studies 
re carried out to: 1, compare various 
thysmographic techniques for re- 
ding the postarterial 
blood flow; 2, 


occlusion 
determine 
ether or not a 5 minute period of 
‘rial occlusion consistently produced 
odilatation among individuals with 
ctional vascular disease; and 3, de- 
be the characteristics of serial blood 
v determinations following 5 min- 


we 
inges 


utes of arterial occlusion among normal 
individuals and patients with various 
degrees of arterial insufficiency. 
Erythema of the skin of an extrem- 
ity following the release of arterial 
occlusion has been recognized for 
many years. Early surgeons noted it 
after the release of tourniquets follow- 
ing surgery to the extremities and at- 
tributed this response to vasomotor 
paralysis due to pressure the 
peripheral nerves. Bier in 1897 demon- 
strated that reactive hyperemia was 
independent of this factor in man and 
in pigs, and in the latter it occurred 
following the severance of every tissue 
between the body and the limb except 
the artery. He and his associates elabor- 
ated a system of therapy employing 


Gratitude is expressed to Dr. Burrell O. Raulston for the encouragement and cooperation 
nded throughout these studies, which were supported in part by a grant from the A. M. 
erts Memorial Fund of the-Los Angeles Heart Association. 
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induced reactive hyperemia for the 
treatment of many diseases of the ex- 
tremities of the body'*. In 1924 Lewis 
reported reactive hyperemia in dener- 
vated human limbs'*. Lewis and Grant 
reviewed the literature up to 1925 and 
studied the physiologic mechanism re- 
for this 
observation 


sponsible by 
clirect 


graphic 


phenomenon 
and plethysmo- 
determinations in the 
They concluded that reac- 
tive hyperemia was due to the dilata- 
tion of the terminal arterioles, arteriolar 
plexuses, and capillaries. The ‘y demon- 
strated that the dilatation occurred 
during the period of arterial occlusion 
and was sustained after release for a 
period of time roughly correlated with 
the duration of the occlusion. Thev felt 
that the blood flow repre- 
sented a repayment of blood flow debt 
and was due to a product of metabol- 


How 
forearm! 


increased 


ism, histamine-like in action. which 
accumulated in the extravascular 
spaces during the circulatory arrest 


and acted directly on the vessels. 
Recently a 
have studied 


number of investigators 
the effects of arterial 
occlusion both clinically and physiolog- 
ically. Freeman* found a correlation. 
within limits, between the estimated 
blood flow debt during occlusion and 
flow in the post- 
19 reported 
time 


the measured total 
Rataschow 
the 


occlusive state. 


consistent differences in se- 


quence of color changes after release 
of arterial occlusion in organic and 
functional vascular disease. Kunkle 
et al. found that flow, following 
“maximal” dilatation of the vessels of 
the foot by heat, was augmented by 


arterial occlusion and its resultant re- 
active hyperemia. Eichna and Wilkins® 
found that the greatest flow produced 


by 5 minutes of arterial occlusion was 
equal to that of more prolonged 
occlusion. Abramson, Katzenstein, and 


Ferris', observing normal — subjects, 
found that the greatest augmentation 


in flow occurred within 90 seconds 
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after release of the occlusion in the 
hand, forearm and leg. The descent 


from maximal flow was correlated with 
the duration of occlusion and the meas 
ured reactive hyperemic flow roughly 
equalled the estimated blood flow debt 
in the 
studied. 


3 portions of the extremities 
In half of the 
hand flow determinations there 
fall below the 
ciated with a “pins and needles” sensa 


in the 


subjects with 
Was a 
control basal flow asso 


tion fingers. The dip occurred 
simultaneously in the contralateral! 
hand and the authors postulated that 
this represented a reflex vasoconstric 
to the 


occlusion. 


tion due painful stimulus o! 


vascular Lewis'® observed 
the 
the 


occluding 


same subjective 
after the 
cull 


occluding cufl 


Dauber. L: 


phenomenon i! 


high 


Seconda 


release ot 

though a 
the 

and 


fingers 
evel 
wrist 


Wein 


remained at 


Katz 


indow 


berg*, studving the svstemic effects of 
reactive hyperemia, found an_ initial 
drop in svstolic diastolic blood 
pressure followed closely by a_ briet 
increase in cardiac rate in normal sub 
jects. These events did not occur it 
subjects with thromboangiitis oblit 
erans. They felt that release of arteria 


occlusion opened low resistance path 
A-V and that the 
tion of cardiac rate could be attribute: 
to Marev’s law rather than to the direct 
effect of a 
the 
occluded ' 
Katz'? found that 
contralateral foot 

affected. Short and repeated periods | 
occlusion following a long period \ 
peak flow 

great as that produced by the initi 
occlusion. They postulated that 3 fa 
might flo 
These were: 1, constricting factors m 
limit effective dilatation; 2, the vascu! 
bed may maximum state 

dilatation which is capable of carrvi 
than the arterial tree « 


wavs. shunts. eleva 


agent returning t 
blood from tl 
Landowne an 
through th 
not 


noxious 
heart in the 
extremity. 


flow 


° 
was material 


occlusion produced a 
maximal 


tors influence 


reach a 


less blood 
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the resistance offered by 
vessels not participating in the dilata- 
tion proportionately 
greater until the upper limit of flow 
may be determined primarily by the 
caliber of the large vessels rather than 
by the distal arteriolar bed. Lan- 
downe!! developed and demonstrated 
the latter premise more fully in a 
study of subjects with thromboangiitis 


supply; 3, 


mav become 


obliterans. 


Method. Plethysmographic blood flow de- 
with a Cambridge 
pneumo-plethysmograph?, the laboratory was 

soundproof, draught free, pleasantly deco- 
rated with a temperature of 25° C. 

1°17. The subject removed all constrictive 
lothing and lay quietly in bed covered by 
i sheet and light blanket. A small plastic cup 
sealed to the at the distal 
with a nonconstricting elastic 
ealing compound. Certain of the subjects 
were studied with the venous occluding cufl 
it the digit cuff which con- 
structed of 0.25 inch Penrose drain, cemented 
to a No, 8F rubber catheter. This was applied 
with a backing of cellulose tape as close to 
the plethysmographic cup as possible*. The 
remaining subjects on whom toe flows were 
letermined were fitted with a 12 cm. cloth 
hacked at the ankle’. 
Venous occlusions in the normal subjects was 
ccomplished by quickly inflating the collect- 
ig cuff to a pressure of 60 to 75 mm. of Hqg. 
and Katz!?2. 
i the presence of arterial disease lower pres- 
ires were often employed. A standard rib 
icked cuff 12 width 
sed for arterial occlusion and was applied 


erminations were made 


was second toe 


fle crease 


using a was 


venous occlusion cuff 


recommended by Landowne 


pressure cm. in was 


unediately above the knee. The subject was 
A series of 10 
ntrol flow determinations were made at 30 


cond 


lowed to rest for 20 minutes. 


intervals. Following this, arterial oc- 
ision was applied in the manner of Picker- 
1S. The leg was elevated to an angle of 

with the horizontal plane for 30 seconds 
facilitate emptying of the venous bed. The 
cluding cuff was inflated to 70 mm. Hg. 
ove brachial systolic pressure while the 

was still elevated. The leg was then re- 
rned to the horizontal position. During the 
ninutes of arterial occlusion the plethysmo- 
iphic system was closed to test for com- 
eteness of arterial occlusion which was 
dicated by an absence of drift of the 
ording shadow. The venous occlusion cuff 
S momentarily inflated to test for artefact. 
ter 5 minutes the occluding cuff was sud- 
nly deflated. Flow determinations were 


first 2 min 
utes, then every 60 seconds for the next 8 
minutes. At the end of each experiment the 
volume of the portion of the toe that had 
been sealed within the plethysmograph cup 
Was displacement of water. 
Flow was calculated in the manner of Goetz> 
by determining the angle of rise in the first 
second after the inflation of the collecting 
cuff. The volume increase was converted to 
cu. mim. of flow per 5 ce. of tissue per second. 
In the that follow all statements of 
toe flow are in these terms. Foot flows were 
determined with a plastic plethysmographic 
boot with optical recording by means of a 
modified Franks capsule as previously de- 
scribed®. Flow was calculated in terms of cc. 
of flow per 100 cc. of tissue per minute. 
Subjects — tor experiments — were 
11 normal individuals, 16 patients with 
obliterans, 2 with popliteal 
with thromboangiitis 
vasoneurosis, 1 with co- 
aorta, 1 with Lerich syn- 
4 with sympathectomies with 
arterial obliterative 


made every 15 seconds tor the 


measured by 


results 


these 


arteriosclerosis 

artery obstruction, 1 
obliterans, 2 with 
arctation of the 
drome, and 


miscellaneous diseases 


(Table 1). 

Results. A characteristic normal time 
flow curve is illustrated in Fig. 1. The 
portions of the curve were designated 
the prefastigium, fastigium, post- 
fastigium, and anemocylic interval. The 
definitions and explanation of these 
portions are stated in the legend to 
Fig. 1. 

Toe Flow with the Collecting Cuff 
at the Base of the Toe (Table 1). Three 
normal individuals, 5 patients with 
arteriosclerosis, and 1 with thrombo- 
angiitis obliterans were studied. Ane- 
mocyclia was absent in all determina- 
tions. Among normal individuals the 
prefastigium averaged 40.9 seconds. 
Among patients with arteriosclerosis 


obliterans it averaged 50 seconds. 
The average fastigium among the 


normals was 41.3 c.mm. per 5 cc. per 
sec. Among those with arteriosclerosis 
obliterans and thromboangiitis oblit- 
erans the fastigium was considerably 
less. averaging 26.6 and 33.2, respec- 
tively. Among normal individuals the 
maximum variation in blood flow, as 
measured from the highest to the low- 
est flow after the fastigium, averaged 
34.8 c.mm. per 5 cc. per sec., as com- 
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hic. 1. Typical time How curves determined by toe plethysmography with the collecting cuft 

it the ankle. The light dotted line shows a normal curve and its pre-occlusion control level. 

Ihe solid line is the curve of a patient with arteriosclerosis obliterans and its pre-occlusion 

control. The portions of the curve are as follows: A) prefastigium, time from release of cuff 

io maximum flow, B) fastigium, maximum rate of flow, C) posttastigium, time from maximum 

rate of flow to end of study, D) anemocyclia, time from release of arterial occlusion cuff to 
first detectable increase in volume. 
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hic. 2. Height of the fatigium (in c.mm./5 cc. of tissue/sec.) and duration of the prefastigial 
nterval (in seconds) of control subjects and patients with various disease states on whom flow 
was determined by toe plethysmography with the collecting cuff at the ankle. 
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Fic. 3. Height of the fastigium (in cc./100 cc. of tissue/minute) and the prefastigial inter 
in seconds) of subjects on whom flow was determined by foot plethysmog1 iphy with t 


cuff at the ankle 


Fic. 4. Average values for blood flows during the prefastigial, fastigial, and lowest averag: 
values for flows in the postfastigial periods in normal individuals and patients with various 


disease states: a, 15 determinations on 5 subjects, b, 3 determinations on one subject, c, 5 


5 
determinations on 2 subjects, d, 11 determinations on 3 subjects, e, 9 determinations on 5 
subjects, f, 5 determinations on 5 subjects, g, 10 determinations on 10 subjects, h, 3 determina 


tions on 3 subjects 
(478 ) 
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pared with 9 among patients with 
arteriosclerosis obliterans. The interval 
between peak blood flows in the post- 


fastigium was short among normal 
individuals (1.9 min.) and longer 
among patients with arteriosclerosis 


obliterans (4.0). 

Toe Flow with the Collecting Cuff 
at the Ankle (Table 1). Five normal 
and S abnormal subjects were studied. 
\nemocyclia was not encountered 
normal individuals but was 
commonly encountere ‘<d among patients 
W ith or ganic or vasospastic cise ase. 
\mong normal patients the mean pre- 
fastigium was 37 seconds, while in 
certain patients with arterial occlusive 
was 187.5 seconds. On 2 
patients with vasoneurosis it averaged 
SS seconds. Among normal individuals 
the fastigium averaged 21.4 c.mm. per 
per sec. Among patients with 
vasospastic or organic occlusive disease 
it was less than 10.0. One patient with 
vasoneurosis had a value of 0.8. Among 
normal individuals the maximum varia- 
tion of blood flow in the postfastigial 
period averaged 8.3 c.mm. per 5 cc. 
Five of the 8 patients with 
vascular disease had variations less 
than this. The interval between peak 
blood flows was again short, normal 
individuals averaging 2.0 minutes. 
Seven of the 8 patients with vascular 
disease had intervals greater than this. 

Foot Flow with the Collecting Cuff 
at the Ankle (Table 1). Five normal 
and 13 abnormal subjects were studied. 
\nemocvclia not encountered 
among normal individuals nor among 
following a lumbar symp- 
but was encountered in 4 
patients with arteriosclerosis 
The prefastigia among 
normal individuals, patients following 
i lumbar sv mpathectomy, and patients 


among 


disease it 


ce. 


per sec. 


was 


patients 
ithectomy, 
of 10 
»bliterans. 


with arteriosclerosis obliterans aver- 
iged 74, 60 and 159 seconds, respec- 
ively. The fastigium in the former 


iveraged 21.8 cc. per 100 cc. per min., 


vhile 


patients with arteriosclerosis 
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obliterans it averaged 7.2. Among 
normal individuals the maximum varia- 
tion of blood flow in the postfastigial 
period averaged 12.1 cc. per 100 cc. per 
min. Among patients with a lumbar 
sympathectomy the variations were 
small, averaging 4.8, while among 
patients with arteriosclerosis obliterans 
the average was 3.2. The interval be- 
tween peak blood flows in the post- 
fastigial period among normal individ- 
uals was 2.8 minutes, the interval be- 
ing greater among patients with a 
sympathectomy and arteriosclerosis 
obliterans. 

Discussion. For purposes of analy sis, 
the time flow curve following arterial 
occlusion was separated into several 
component parts. The maximum rate 
of flow was termed the fastigium. The 
period from the release of arterial 
occlusion to the fastigium was termed 
the prefastigium. The period from the 
fastigium to the end of observation, 
which in our series was 8 minutes, was 
designated the postfastigium. In some 
of the subjects with arterial obliterative 
disease there was a_ period during 
which there was no demonstrable blood 
flow following the release of arterial 
occlusion. This was termed anemo- 
evclia, denoting the absence of demon- 
strable circulating blood in the portion 
of the extremity being examined. 

The anemocyclic interval was not 
encountered in any of our subjects with 
normal arterial trees. A significant pro- 
portion of subjects with arteriosclerosis 
obliterans, embolic obstruction of the 
popliteal artery, and one patient with 
severe vasoneurosis showed anemo- 
evelia of variable duration. Anemo- 
evclia was recorded in comparable 
cases from toe flow and foot flow with 
the collecting cuff at the ankle, but not 
from toe flow with the collecting 
cuff at the base of the toe. The signifi- 
cance of anemocyclia may rest in local 
spasm of the artery at the site of arte- 
rial occlusion as postulated by Lan- 


downe'!, Another explan: ition is that 
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low resistance shunts may be opened 
proximal to the collecting cuff which 
keeps the pressure within ‘the distal ar- 
terial tree reduced to the point where 
recordable flow does not occur. It is 
also possible that the anemocyclic in- 
terval represents the time required tor 
blood to fill the arterial tree distal to 
the occluding cuft to a sufficient degree 
to produce a detectable increase in the 
volume of the digit or foot. 

The prefastigial period is thought to 
represent the period of time during 
which the humoral agent of reactive 
hyperemia held a_ predominant role 
over the effect of 
sympathetic vascular activity. 
of organic arterial disease the pre- 
fastigium was prolonged when meas- 
ured by toe flow with the collecting 
cuff at the ankle or toe and with foot 
flow. The mechanism of this is probably 
the same as that responsible for anemo- 
cyclia. In normal individuals the 
fastigium was fairly 


vasoconstrictive 
In cases 


pre- 
y uniform at about 
Several normal subjects 
with short prefastigia had low fastigia 
which reflected a high degree of vas- 
cular tone. Sympatholytic procedures 
preceding arterial 
allowed more normal 
produced. The prefastigium in 
some degree influenced by the 
mental conditions. 
dividual 


60 seconds. 


occlusion — often 


curves to be 


experi- 
In one case an in- 
with a previously normal 
responded to a pinch admin- 
istered 15 seconds after release of 
arterial occlusion by an immediate de- 


curve 


crease in rate of flow which was pro- 
longed and followed in 
a slight flow. In 
determination on the same 


4 minutes by 
increase in another 
subject a 
deep inspiration during the prefastigial 
period produced a marked temporary 
decrease in flow to the digit. 

The in patients 
with organic disease and in those with 
vasospasm. Five minutes of arterial 
occlusion at room temperature did not 
produce the maximum flow that the 


fastigium was low 


MORRISON, KONDO, 


YAMAUCHI: 
extremity was capable of attaining. 
‘the tastigium represented at least the 
net effect of: the magnitude of the 
volume flow rate within the vascular 
system: 2, the distensibility of the 
extremity 
plethysmogr: iphic cup; 3, the 


por- 
enclosed within the 
de gree 
of vasodilatation which occurred dur- 


tion of 


ing vascular occlusion; and 4, the in- 


fluence of vasoconstrictive forces such 
as the degree of sympathetic vasculai 
Among the normal individuals the 
major factors responsible for variations 
in the height of the 


degree ot 


tone. 


tastigia were the 
dilatation which 
occurred during arterial occlusion and 
the height of 
tone. 


vascular 


vascular 
This was emphasized by the 


sympathetic 


vasospastic indiy idual who showed low 
fastigia with 
remained 


anemocyclia. Vascular 


tone high in spite of the 


influence of reactive hyperemia. The 
fastigia of the subjects with occlusive 
were often limited by 
magnitude ot the 


blood flow 


arterial disease 
a decrease in the 
rate oft 
secondary to 


volume which was 
arterial stenosis. 

The postfastigial period was char- 
flow toward 
the control flow and by fluctuations in 
the rate of flow. There was a wide vari- 
ation in both size and rate of fluctua- 
tion within the various groups studied. 


acterized by a return of 


The mean values showed a tendency 
toward large normal 
subjects and low amplitude of fluctua- 
tions in 
patients 


fluctuations in 


and“ 
arterial obliterative 
mechanism of the low 
amplitude of fluctuations during the 
postfastigium 


vasospastic individuals 
with 


disease. The 


among 
dividuals was probably a 
fixed high 
patients 


vasospastic 
relatively 
vasomotor tone. In 
with or obliterative 
arterial disease vasomotor tone prob- 
ablv exerted little control over the rate 
of flow. Patients with lumbar sympath- 
ectomies low amplitude of 
fluctuations which occurred at a slow 
rate. 
Summary. 


grade 
ganic 


showed 


The results of certain 


ARTERIAL 


plethysmographic techniques employ- 
mg arterial occlusion of the extremity 
were compared among normal subjects 
and patients with arteriosclerosis, 
thromboangiitis obliterans, vasoneurosis 
and other disease states after 5 min- 
utes The use of a 
toe cup with collecting cuff at the 
ankle proved highly satisfactory as 
tracings made in this way frequently 
showed the presence of ‘anemocyclia 
while this was not detected in tracings 
recorded with the collecting cuff at the 


arterial occlusion. 


base of the toe. The boot technique 
was satisfactory in studying the rate 
of flow to the foot when ie 


major 
foot were stenosed, but 
was not sufficiently sensitive to dem- 
onstrate arterial ‘insufficiency when 
only small arteries to a portion of the 
foot were involved. 

2. A 5 minute period of arterial oc- 
clusion did not consistently differenti- 
ate organic arterial disease from vaso- 
spastic states. A maximum rate of blood 
flow following occlusion falling into the 
normal range did give evidence, how- 
ever, of a vasospastic element which 
suggested that good therapeutic results 
would follow medical or surgical treat- 
ment. ’ 


arteries to the 
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3. Time flow curves were plotted and 
analyzed. The signiticance of the por- 
tions of the curve, designated the pre- 
fastigium, fastigium, postfastigium, 
and anemocyclic interval, was dis- 
cussed. Normal individuals showed a 
prompt rise in rate of flow following 
release of arterial occlusion with all 
methods of recording. Arterial oblitera- 
tive disease showed a long prefastigium 
and low fastigium. A period of anemo- 
cyclia was demonstrated in a_signifi- 
cant proportion of patients with severe 
arterial obliterative disease. Vasospastic 
subjects had a prolonged prefastigium 
and a low fastigium. The duration of 
the prefastigium and height of the 
fastigium in subjects with normal 
arterial trees were governed to a great 
extent by the degree of sympathetic 
tone. In patie nts with arterial oblitera- 
tive disease the type of vascular re- 
sponse following arterial occlusion was 
often controlled by the caliber of the 
partially obliterated major vessels. 
Ane ‘mocyclia occurred in patients with 
organic arterial disease and in sub- 
jects with vasoneurosis. In the latter 
svmpatholytic procedures often short- 
ened or caused the disappearance of 
the anemocyclic interval. 

NCES 


Am. Heart J., 22, 329, 1941. 


1939. 


{. Dauber, D., Landowne, M., Katz, L. N., and Weinberg, H. B.: J. Clin. Invest., 21, 47, 
1942 

5. Eichna, L. W., and Wilkins, R. W.: Bull. Johns eens Hosp., 68, 450, 1941. 

6. Freeman, N. E.: Am. J. Physiol., 113, 384, 1935 

7. Goetz, R. H.: Am. Heart J., 31, 146, 1946. 

8. Idem: S. African J. Med. Sci., 8, 65, 1943. 

9. Kondo, B. O., Winsor, T., Yamauchi, P., Morrison, R. E., and Raulston, B. O.: (In Press). 
10. Kunkle, P., Stead, E. A., Jr., and Weiss, S.: J. Clin. Invest., 18, 225, 1939. 
11. Landowne, Am. Heart J., 50, 1942. 
12. Landowne, and Katz, L. N.: Ibid., 23, 644, 1942. 
13. Lewis, T.: Vv sith Disorders ot the Limb, p. 21, New York, Macmillan, 1936. 
14. Lewis, T., and Grant, R.: Heart, 11, 209, 1924. 
15. Idem: Ibid., 12, 73, 1925. 
16. Meyer, W., and Schmieden, V.: Biers Hyperemic Treatment, Philadelphia, W. B. 


Saunders, 1908. 


17. Neumann, C., Cohn, A. E., and Burch, G. 


: J. Clin. Invest. 21, 651, 1942. 


18. Pickering, G. W.: Brit. Med. J., 2, 1106, co 


19. Ratschow, M.: 
Steintkopff, 1939. 


Die Peripheren Durchblutsungsstérungen, Dre ssden and L eipzig, Theodor 


THE TREATMENT OF PERIPHERAL NEUROPATHY 
IN DIABETES MELLITUS 


By S. M.D 
ABRAHAM M. Rasiner, M.D 
James D. Zivinsxy, M.D. 
Louis C. Boas, M.D. 


AND 
JeROME J. GreeENWALD, M.D. 


BROOKLYN, NEW YORK 


(From the Medical Services, Maimonides Hospital 


Previous studies on vibratory sense integral part of the disease*. We have 
in diabetics have revealed an impair- observed that over 93% of all diabetics, 
ment in the transmission of this im- whether or not they have neuropathic 
pulse in such a large number of cases symptoms, have an impairment in 
as to indicate that it is almost an _ transmission of vibratory sense through 


UPPER EXTREMITY WITHOUT SYMPTOMS 


Vibrometer Reading Of OF NORMAL 


of Cases 


Number 


LOWER EXTREMITY WITHOUT SYMPTOMS 


of Cases 


Number 


Vibrometer Reading S/o OF NORMAL 
Fic. 1. Chart showing impaired vibratory sense in 100 diabetics without symptoms of 
neuritis. Shaded area shows the range of the normal threshold of response for all ages. Not 
that there is more severe involvement of the lower extremities than the upper. 
( 482 ) 
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PERIPHERAL 
the terminal parts of their extremities 
(Figs. 1 and 2). This was established 
y made with an electrically 
driven tuning fork with which the 
amplitude of vibration could be varied, 
thus making it possible to quantitate 
the intensity of impairment in vibra- 
tion 


in a study 


sense, 

Vibratory sense studies have served 
as a satisfactory yardstick for esti- 
mating the intensity of the existent 


NEUROPATHY IN) DIABETES MELLITUS 


vibration sense in diabetes mellitus and 
with an evaluation of the use of vitamin 
B complex and some of its fractions 
as supplements in the treatment of 
diabetic neuropathy. 

It is the recognition of the experi- 
mental production of polyneuritis in 
animals by the deprivation of certain 
fractions of vitamin B complex that 
has served as a basis for the therapy 
of the metabolic neuropathy that occurs 
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«. 2. Chart showing impaired vibratory sense in 100 diabetics with 


symptoms of neuritis. 


ite here, too, that there is more severe involvement of the lower extremities than the upper. 


ripheral neuropathy. What is equally 
mportant is that it is possible to use 
juantitative determination of impaired 
ibratory sense as a guide to therapy. 
(hus, reversibility can be recognized 
y a return of the normal capacity 
{ the peripheral nerve to transmit 
sense. We have this 
arallel symptomatic improvement with 
triking regularity. 

This paper is concerned with a re- 
ort of quantitative studies in impaired 


ibration seen 


in diabetes mellitus. It should be 
recalled that besides thiamine depriva- 
tion for producing beri-beri, a severe 
form of neuropathy has been pro- 
duced in pigs by feeding a diet defi- 
cient in pyridoxine and pantothenic 
acid’, 

The treatment of diabetic neuropathy 
consisted in the administration of large 
doses of vitamin B complex and sup- 
plements of several fractions including 
thiamine chloride niacinamide. 


COLLENS, RABINER, 
Although in the past it has not been 
possible to standardize the dose of 
vitamin B complex or its fractions, it 
became evident that the more 
severe the neuropathy, the larger was 
the necessary. The amount of 
vitamin B complex and its fractions 


that were administered was far greater 


soon 


dose 


than had been previously reported. 
Although there exists considerable var- 
iation in the potency of B complex 
made by manufacturers, we 
which 
addition to synthetic supplements, the 
largest quantity of crude 
especially liver and veast. 
In our opinion, crude liver probably 


various 


selected those contained, in 


material, 


ZILINSKY, 


BOAS, GREENWALD: 

tions which may play a role in the 
therapy of neuropathy. Thus the dose 
of these agents which we have em- 
ployed, has, in the more severe Cases, 
the 
of as much as 6 capsules of vitamin 


consisted of daily administration 
B complex or 30 cc. of elixir B com- 
plex per day, with the addition of 
300 mg. of thiamine chloride and 300 
mg. of niacinamide. In order to obtain 
a good therapeutic effect in the most 
severe cases of neuropathy, we have 
found it necessary to administer, in 
addition, large doses of crude liver 
extract, B thiamine 
chloride parenterally. The results are 


complex and 


yresented in Figs. 3 and 4 
| 


contains hitherto undetermined frac- Fig. 3 is a summary of 68 diabetics 
" UPPER EXTREMITY WITH SYMPTOMS 
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- 
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Fic. 3. 


Results of treatment of 68 diabetics with symptoms of peripheral neuropathy, The 
open blocks indicate the patients before treatment. The solid blocks show a 


shift toward 


the normal following treatment 


PERIPHERAL NEUROPATHY 
with symptoms of peripheral neuritis 
in whom quantitative studies of vibra- 
tion sense were made before and after 
the institution of treatment with 
vitamin B fractions. The symptoms 
included numbness, tingling, sensations 
of pins and needles, burning pain and 
formication. In the more severe cases 
where muscle atrophy was seen, weak- 
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o 
oO 
| 

10 
ev 
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IN DIABETES MELLITUS 485 
the cases in Fig. 3 reveals that 60% 
showed improvement in vibration sense 
and in some cases even a return to 
normal. Whereas these  vibrometer 
studies served as an objective test to 
indicate reversibility — in impaired 
vibration sense in as many as 60% of 
the cases, actual subjective relief was 
obtained in 72% of the cases studied. 
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@ 
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Results 


of treatment in 55 diabetics without symptoms of neuropathy. Solid blocks 


show shift toward normal range after treatment. 


ness of the involved part also occurred, 
(his was not common. It is interesting 
to note that the symptoms were pres- 
ent in the feet in the majority of cases. 
It was observed that the magnitude 
of reduction in readings for vibration 
sense Was greater in the lower extrem- 
ties than in the upper. Analysis of 


Fig. 4 is based upon a study of 51 
diabetics in whom there was reduced 
vibration sense without symptoms of 
peripheral neuropathy. Analysis showed 
improvement in readings after the 
institution of treatment in 70%; some 
of them recovered sufficiently to give 
normal readings. 


INO 


seen that there occurred 
a specific shift to the left in the charts 
that a 
patients entered categories of either 


It can be 


indicating large number of 


normal or closer to normal thresholds 
of response to vibration sense stimula- 
In those milder cases in whom 
impaired vibration sense existed with- 


tion. 


out symptoms of neuropathy, a_re- 
coverv of normal vibration sense took 
place in as little time as one week. 

It is interesting to note that in most 
both — in 
symptoms and vibration sense percep- 
tion was not apparent for a period of 


severe cases, improvement 


2 months in spite of most intensive 
treatrnent. With few exceptions, ulti- 
mate improvement take 
number of 


place. 
There was a small these 
patients with severe neuropathy in 
whom we failed to obtain a therapeutic 
response regardless of the intensity of 
therapy. These were patients who pre- 
sented, in addition, evidence of muscle 
atrophy either of the thenar eminences 
or the other intrinsic muscles of the 
hands feet. It is worthy to note 
at this point that in the verv severe 


cases in which we despaired of good 


and 


results, reversibility in symptoms and 
impaired \ ibration sense sometimes fol- 
lowed the daily parenteral administra- 
tion of 2 cc. crude extract (2 
200 of thiamine 
chloride, 2 cc. of some potent injectable 
vitamin B complex preparation and 50 
mg. of pyridoxine. 

Recent reports tend to indicate that 
vitamin B complex and its fractions. 
besides having a salutarv effect on the 
well-being of the diabetic. also im- 
proves the carbohydrate tolerance of 
the diabetic, sometimes to the point 
where the patient is able to discon- 
tinue the use of insulin’. Although this 
is not relevant to our present paper, 
we wish to state that 
ployed vitamin B complex and_ its 
fractions in many of our cases in larger 


liver 


units per cc. ). mg. 


we have em- 
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quantities and for longer periods than 
is recorded in these reports and were 


unable to observe any effect upon 
carbohydrate tolerance. 
Discussion. It would appear from 


that 
neuropathy is a component part of the 


these observations peripheral 
diabetic state since it occurs in almost 
all diabetics regardless of the duration 
or intensitv of the disease. It appears 
also. that the 


by insulin and diets providing physiol 


the control of diabetes 
ogical needs of carbohydrate, protein 
and fat neither prevents neuropathies 
them 
fact 
frequently to be true, that the satis 


nor cures when present. As a 


matter of the converse appears 
factory control of the diabetes bv diet 
and insulin alone is accompanied by a 
the 


appearance of neuritic svmptoms. This 


reduction in vibration sense and 


has come to be known as post insulin 


neuritis” 


Fig. 5 reveals the result of a study 
of 9 diabetics in whom vibratory sens« 
was evaluated before and after treat 


ment by diet and insulin without the 
use of supplementary vitamin therapy 


It will be that there 
uniformly a reduction in 


seen occurred 
vibratory 
sense particularly in the lower extrem 


The 


weeks after 


became evident within 4 
the institution of 


therapv. Not only is this a common 


ities. 
insulin 
observation but occasionally a patient 
will complain of classic neuropathic 


svmptoms shortly after the diabetes 
has come under control with diet and 
insulin, only to disappear after the 
institution of the massive B therapy 
described in this paper. 


It would seem that the neuropathies 
in diabetes represent a disturbance in 
the the 
fractions present in vitamin B complex 


metabolism of anti-neuritic 


rather than a simple nutritional defi- 


ciency of these important com 


ponents? *, While it is recognized that 


the physiological requirement — of 


PERIPHERAL 


thiamine chloride 


is approximately 2 
it has been our experi- 
that as much as 100 times that 
amount may be necessary for improve- 
ment of the neuropathic state. 
Quantitation of the threshold of 


response to stimulation of vibration 


mg. per day? 


ence 


sense has served to stress the recog- 
nition of the wide incidence of neu- 
ropathy in diabetes mellitus and to 


The use of the clini- 
cal vibrometer has made it possible to 
recognize reversibility in impairment in 
vibratory after treatment and to 
anticipi ate functional recovery in nerves 
with improvement in the clinical symp- 
toms of the neuropathies. This instru- 
mental technique has also served to 
evaluate therapy in the neuropathies 


evaluate therapy. 


sense 


40 | | 

| | 
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and to establish the dose of vitamin B 
complex and its supplements. as 
important, it has made it possible to 
see reversibility in impaired vibration 
sense in sub-clinical neuropathies, to 
establish the therapy necessary to 
create recovery of this impaired fune- 
tion and thus establish a basis for the 
prevention of the development of the 
neuropathies in diabetes mellitus. 

Conclusions. The diagnostic and ther- 
apeutic aspects of peripheral neuro- 
pathy in diabetes mellitus are dis- 
cussed. 

A quantitative measure of the inten- 
sity of neuropathic states and a guide 
to prophylaxis and treatment are pre- 


sented. 


LOWER 


EXTREMITIES | 


Ponent 


S* “ 


Fic. 5. Further reduction in we itoryv sense in we ‘r extremities occurring 1 month following 
the institution of insulin therapy. Open blocks: before insulin therapy. Solid blocks: re adings 
1 month after treatment with insulin. No vitamin B was given to these patients. 


We are indebted to the Marvin R. Thompson Co. for supplying us with Elixir Vitamin B 
Complex which was used in this study. 
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A STUDY OF RENAL 


MULTIPLE 


By Joun B. 
DURHAM, 


(Department of Medicine, 


insufficiency — is 
with the advanced stages 
of multiple myeloma, but the nature 
of the renal lesion has been quite con- 
troversial. Pathological 
terpreted as 
described in 


RENAI 


associated 


commonly 


changes in- 
were 
reported 


“chronic nephritis” 
65% of the 


cases to 1928''. Arteriosclerosis and 
pyelonephritis were noted in many 
instances by Bell*, but he regarded 
them as purely incidental to the 


Bell stated that the cause of 
the renal failure was the protein casts 
found in the renal tubules. Though the 
casts assumed to be formed of 
Bence Jones protein, he felt that the 
evidence was lacking that the protein 
injured directly either the glomeruli or 
tubules. On the other 
et al. claimed that the 
protein was toxic to the 
described a foreign body reaction of 
giant cells about the casts within 
desquamated tubules. In another paper 
Forbus and co-workers’? felt that the 
quantity and duration of the pro- 
teinuria were of primary importance in 
the production of renal lesions, but by 
animal experiment were unable to re- 
produce either the ( without 
previously induced hydronephrosis ) or 
the foreign body pro- 
nounced cloudy swelling of the con- 
voluted tubules in these preparations 
may result from the reabsorption of 
protein as shown by Oliver". 

The failure to produce renal injury 
by the intravenous injection of Bence 
Jones protein is supported by clinical 


disease. 


are 


hand, Forbus 


Bence Jones 
kidney and 


casts 


reaction. 


* This work was supported by a grant from the Life 


(488 ) 
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Duke 


University 


FUNCTION IN PATIENTS WITH 
MYELOMA® 


Sx hool ol Medic 


Bannick 
several cases of prolonged proteinuria 
without 


studies. and Greene! observed 


demonstrable impairment ot 
renal function. 

The present study of the renal func- 
tion in patients with multiple myeloma 
was stimulated by the 


Loge 


observations of 
beneficial 
therapy this 
eflort to establish the 
pattern of renal functional impairment, 


and Rundles on the 


effects of urethane 


disease'*, In 


and to record any alterations of pat 
tern subsequent to urethane therapy 
IS renal 
performed on 


clearance studies have been 
15 patients with this 


disease. 


Methods. The diagnosis of multipl 
established by the criteria pre 
outlined by Loge and Rundles!4 
Only those patients without evidence of other 


Was 


viously 


renal disease were selected, and all but 1 had 
near normal blood pressures and NPN con 
centrations 

The glomerular filtration rate was detet 


mined by the clearance of infused inulin (C,,, 


the effective renal plasma flow by the clear 
ance of hippurate (C,,,,,), and the 
maximum by the 


p-amino 
tubular excretory 
of PAH (Tm The patients were studied 
in the state. The procedurt 
followed was based on that of Goldring and 
Chasis!2. The inulin was determined by the 
method of Corcoran and Page®, and the 
as described by Smith et al.16. Each 
value is an 


excretion 


PAH? 
post absorptive 


hippurate 


average of 2 or more collection 
periods of catheter urine, and is corrected 
to a body surface area of 1.73 sq. meters. 


Results. Seven of the patients in this 
series treatment with ure 
thane prior to the study of their renal 
function. It is believed that this ther: apy 
did not alter the accuracy of the renal! 
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culture 
studies with the chick mesonephros, 
Chambers, Beck and Belkin® found 
concentrations of ethyl urethane from 
1.3 to 6.0% to be necessary to impair 
phenolsulphonphthalein transfer, and 
that concentrations of than 3% 
were without effect. At therapeutic 
dosages of 4.0 to 6.0 gm. per day orally, 
the body fluid concentration in the 
average patient must have been greatly 
below that level. In the present series 
of patients, 4 of the 6 with the least 
renal impairment had received the 
drug prior to these studies in amounts 
up to 377 gm. over a period of months 
and 2 were taking urethane at the 
time of the study. 


function studies. In tissue 


less 


The data pertaining to the renal 
function studies on this group of 15 


ARMSTRONG: 


patients with multiple myeloma are 
Table 2. As 
both 
patients, each clearance value is also 
percentage of the 
normal mean as reported by Smith" 
The patients are listed in order of de 


shown. in observations 


were made in male and female 


expressed as a 


creasing percentage of the normal rate 
of glomerular filtration. Shown in Table 
1 are the pertinent clinical, hemato- 


logical and biochemical data at the 
time of the renal study. 

The glomerular filtration rate, renal 
plasma flow and hippurate Tm ranged 
from normal to. greatly 


The g 


in this disease 


depressed 


values. lomerular filtration rate 
is frequently impaired 
extent than the ability 
of the tubules to excrete p-amino-hip 


This 


to a greater 


purate. relationship is shown 


TABLE 2.—RENAL STUDIES ON 15 PATIENTS WITH MULTIPLE MYELOMA 
Glomerular Renal Tubular maxrimur 
Filtration Rate Plasma Flou Filtrat PAH 
ce. min nor. min nor F ract 
E.W.S 141 108 624 go 02 a0 
W.B 140 107 632 9] 29 69.5 90 
ir 117 89 $55 65 0 26 73.9 95 
92 69 665 14 OY 
106 660 95 ol 94 122 
S.J. ¢ 106 81 140 63 24 
C.H. (1 14 86 1S 60.0 77 
M.J.W 85 73 160 17 0.19 5 72 
A.R. (2 81 70 358 60 0 28 73.8 95 
55 $5 $55 60 0 1 1 71 
60 51 105 6S 0.15 6 68 
78 66 262 14 0 30 63.4 
67 7 319 4 0 65.6 85 
J D 27 76 63.7 SY 
10 11 0 19 16 
C.M 312 0 14 66 86 
C.K 37 246 0.1 80.5 9 
J.F 34 26 268 0.1 $4 


Cases 1, 2, and 3 respectively of Loge and Rundles 
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Figure where the 
filtration rate is plotted against the 
tubular excretory maximum, both ex- 


graphically in 


pressed as a percentage of, normal. In 
all but 


greater 


t instances, there is relatively 
impairment of glomerular fil- 
and these 4 patients 
those with good kidney 


tration, were 

among 

function. 
The filtration fraction did not show 


1 consistent pattern. In most patients 


PATIENTS WITH MULTIPLE 


MYELOMA 1] 


teinuria was absent in 3 patients with 
considerable renal impairment. In 2 
patients (A.P. and S.J.C.) with rela- 
tively good renal function the daily 
excretion of Bence Jones protein was 
approximately 20 gm.; in 1 of these 
(A.P.) the proteinuria was known to 
have existed for over 2 vears. Like- 
wise, the concentration of serum 
globulin was normal in Patient C.M., 


who had reduced renal function, 


with values for renal plasma flow although abnormal in several patients 
below 300 cc., the renal plasma flow with considerably better kidney func- 
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|. The comparison of glomerular filtration rate and tubular excretory maximum in 


patients with multiple myeloma. 


recorded is very likely too high. 


idney disease sufficiently severe to 
terfere with plasma flow to this 
gree, usually results in decreased 
bular extraction of PAH at low 


isma concentrations*. In the patients 
th low renal plasma flow, the filtra- 
m fractions as recorded here are 
obably falsely high. 

No simple correlation between the 
al studies and other manifestations 


mveloma could be found. Pro- 


tion. There was no correlation between 
renal function and the number of 
plasma cells in bone marrow studies, 
the blood pressure, or the NPN con- 
centration. 

Discussion. The occurrence — of 
Bence Jones proteinuria and renal fail- 
ure in patients with multiple myeloma 
has led to the simple assumption that 
the renal failure results from obstruc- 
tion of the tubules by precipitated 
protein. The present observations 


mi 


neither support nor deny this hypo- 

thesis. They do raise the 

points for tuture study. 
There is no 


following 


relation between the 
amount of proteinuria and the degree 
of renal damage. This is 
clusive against the thesis of 
damage trom simple protein precipita- 
tion because Bence Jones protein does 
not seem to be a single homogeneous 
substance. As there appear to be sev- 
eral varieties of Bence Jones protein, 
the renal damage may be found to 
correlate with the type appearing in 
the urine, rather than the amount. 
The glomerular filtration rate (GFR ) 
was in general depressed more than 
the hippurate Tm. Patients with glo- 
merular nephritis show similar depres- 
sion of the GFR/Tm ratio until the 
diodrast Tm drops below 60% of the 
normal value. However, 
filtration 
consistent 


not con- 


evidence 


the glomerular 
not the 
which has been 
shown to be characteristic of glomeru- 
lar nephritis in the absence of hyper- 
tension®. While the filtration fraction 
is low in some of the patients with 
advanced renal lesions, the 
not consistent enough to be used as a 
strong argument for the presence of a 
primary glomerular lesion. A review 
of Bell's work? that he de- 
scribed glomerular of the 
ll cases casts 
were ret 5 and tubular atrophy 
in but 3. He ok an increase of glo- 
pan Be ‘epithelium, thickening of the 
basement membrane, a protein depo- 
sition in the glomerular capillaries. 

In tubular obstruction alone one 
would expect either proportional de- 
pression of glomerular and_ tubular 
functions, as from precipitated protein. 
or the development of the lower neph- 
ron syndrome in which tubular dam- 
age predominates. Corcoran and Page? 
induced the lower nephron syndrome 
in dehydrate d and acidotic dogs by 
the intravenous injection of solutions of 


fraction does show 


ywe»rlng 


finding is 


shows 
lesions in 7 
whereas many 
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hemoglobin and myoglobin. The maxi- 
mal tubular excretion of diodrast was 
depressed more than the 
filtration rate. These 
the opposite direction trom those re- 
ported here 

data 
difficulty in 


glomerular 
changes were in 


patients w ith myeloma. 
anew the 
derive a 


These demonstrate 
attempting to 
correct picture of abnormal renal mor- 
phology trom functional studies. The 
patients reported in the 


cast 


literature” 


in whom tubular formation was 
most prominent uniformly have had ;: 


terminal clinical history ot consider: ‘ble 


dehydration and azotemia often associ- 
ated with severe vomiting or coma 
Blackman et al.* called attention to the 
role of oliguria, high urinary salt con- 


centration and acidosis in the produc- 
tubular. contrast 
the group reported here were ambu- 
latory, well and without 
azotemia. It is possible that a consider- 


tion of damage. By 


hvdrated 


able portion of the cast formation may 
be a terminal event related to the pre- 
cipitation of Bence Jones protein be 
cause of dehydration and acidosis. The 
intravenous injection of Bence Jones 
1 dogs with dehydration and 
potion. be of Under 
conditions tubular casts of Bence 
Jones protein might be found. 
Conclusions. 1. Eighteen renal clear 
ance studies have been performed on 
15 patients with multiple myeloma 
who did not present evidence of other 
renal disease. The glomerular filtration 
rate (C;,,), effective renal plasma flow 
(Cyan) and maximal tubular excretor 
(Tmpan) were 


prote in 
acidosis interest. 


these 


determined 
There was no simple correlatio: 
between the renal functional impai: 
ment, the age of the patient, the dura 
tion of the disease, the presence « 
degree of Bence Jones proteinuria, th 
hematological findings, or the 
tity of abnormal serum protein. 
The glomerular filtration rate w 
found to be impaired to an equal 
greater extent than the tubular excr: 


capacity 


qual 
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tory capacity. This finding was more in multiple myeloma. The lowering 
evident in patients with poorer kidney of the GFR/Tm ratio suggests that 
function. The filtration fraction was glomerular as well as tubular changes 
not consistently altered. occur, but the absence of a consistent 

1. No final conclusion can be drawn _ fall in filtration fraction does not indi- 
from these studies as to the cause or cate a primary and predominant glo- 
morphological site of the renal lesion merular lesion. 
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(From the 


From the time of the introduction 
of phenobarbital by Hauptmann’ until 
the present, svnthesis and clinical eval- 
uation®® of anticonvulsant drugs has 
resulted in an ever increasing number 
of more and more effective compounds 
for use in the control of epilepsy and 
related Although 
these compounds, such as the sulfones, 
are chemically dissimilar, the majority 
of them are urea derivatives, such as 
the hydantoins and barbiturates. Fur- 
ther investigation of the urea deriva- 
tives led to investigation of the anti- 
convulsant properties of the acety| 
urea derivatives by Spielman" and by 
Everett and Richards?. In the aromatic 
phenylacetylurea (Phenurone ) 
has the greatest anticonvulsant prop- 
erties and is the subject of this report. 

Phenylacetylurea, 
a straight chain compound and may be 
considered model of the 
barbiturate less 1 carbon 
atom", or as the result of the hydantoin 
ring'*, or as a barbiturate with 1 cor- 
ner knocked off!’. 

Phenylacetylurea is practically insol- 
uble in water and is odorless and taste- 
Acute and chronic studies in ani- 
mals! indicate that the drug has a low 
toxicity when given orally. The growth 
curve of rats receiving a diet contain- 


disorders. of 


series, 


or Phenurone®, is 


as an open 
nucleus 


less. 
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ing phenylacetylurea is significantly 


slowed. 
Most investigators have come to be- 
that no test of 


action in animals accurately 


lieve individual anti- 
convulsant 
predicts the effectiveness of a drug as 
human beings. It 


battery of 


an anticonvulsant in 
that a 
including the 
test, 

hvdration 


is probable pro- 


cedures! maximal elec- 


tro-shock seizure normal electro 
shock threshold. electro- 
shock threshold, test 


and possible other tests give the best 


metrazol seizure 


overall picture of the anticonvulsant 
action of the drug. The 
dex!? of phenylacetylurea on the above 
mentioned that of di 
phenylhydantoin (Dilantin 
phenobarbital (Luminal) and trimetha 
dione (Tridione). 

To date the only reports on the clin 


protective in 
tests exceeds 


sodium 


ical use of phe nyli icetvlurea have been 
and his associates® 


administered the 


those of Gibbs 
These 


drug to 


investigators 
patients whose seizures had 
been to all other forms of 
therapy in the past. They found that 
33% of the patients with grand mal 
46% with petit mal and 507% of thos« 
with psychomotor 
greatly improved. In 20% of their case 


resistant 


disorders wer 


pre-e xisting personality ngs ‘rs wer 


exaggerated. This change 1 personal 


rhe Phenurone used in this study was supplied through the courtesy of Abbott Resear 


—— 


PHENYLACETYLUREA 


ity Was more common in patients sul- 
fering from psychomotor disorders than 
in the other types. Their postulation 
was that the psychiatric disorder in 
patients is antithetic to the 
epilepsy*. They also noted a number 
of additional toxic manifestations such 
as anorexia, weakness, headache, in- 
palpitation and dermatitis. 
These toxic actions made it necessary 
for them to discontinue the drug in 
11% of their cases. Forster* has reported 
| case of fatal aplastic anemia occurring 
during administration of phenylace- 


such 


somnia, 


tvlurea. 
Method. Phenylacetylurea was administered 
to 32 patients seen in the Clinic tor Convul- 
sive Disorders of this college and in the pri- 
vate practice of 1 of us. All of these patients 
were subject to recurrent disorders of con- 
Routine included neur- 
‘logic examination, electroencephalogram, and 
skull Roentgen-ray examinations. The major- 
tv of these patients returned for observation 
it 2 to 4 week intervals. The patients had 
unde I 
pe riods of 


clousness. studies 


treatment for 

months (average 

15.9 months). The types of seizures from 

vhich the patients in the group suffered were 
follows 


and 
from 3 to 36 


een observation 


Grand mal seizures only 

Grand mal and petit mal 

Grand mal, petit mal and 
psychomotor 


3 patients 
1 patient 


2 patients 
16 patients 
patient 
7 patients 
1 patient 
1 patient 


‘rand mal and psychomotor 
mal and myoclonic 
svchomotor only 

etit mal only 


onk stupor 


administered for 
riods ranging from 2 weeks to 10 months 
4.2 months). Other anticonvulsant 
ugs were not discontinued when administra- 
n of phenylacetylurea was begun. The 
closely observed for toxic 
inifestations. Complete blood counts and 
nalyses were performed regularly. In (5 
ses (16%) the drug was discontinued after 

patient had taken it from 2 weeks to 8 
mths, due to the development of toxic mani- 
stations. In 5 cases (16%) phenylacetylurea 
s eventually discontinued as it did not 
m to be producing any improvement in 
seizures. It was necessary to discard only 


Phenylacetvlurea was 


verage 


tients were 
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1 case because of poor cooperation on thre 
part of the patient. 

A statistical analysis of the cases was mad 
and the average monthly frequency of the 
various types of seizures was established tor: 
1, “The base line”: that is before the patient 
came under our observation; 2, “Best prior 
treatment”; frequency under the most effec- 
tive treatment prior to the administration of 
phenylacetylurea; 3, “On phenylacetylurea” : 
during the administration of phenylacetylurea 
alone or in combination with other drugs. 
For various reasons it was not possible to 
obtain a “base line” frequency in 8 patients. 
This necessitated use of the condition at the 
time of the “best prior treatment” in evalu- 
ating the effectiveness of phenylacetylurea for 
the group as a whole. 

The degree of improvement after adminis- 
tration of phenylacetylurea was correlated 
with age, sex, age at onset of the convulsive 
disorder, etiology, dosage of phenylacetylurea 
and other factors. The improvement was cal- 
culated on the basis of improvement in all 
types of seizures. Each seizure type was con- 
sidered as one unit. This explains the fact 
that although there were only 23 patients in 
whom a “base line” could be established, 
there were 37 seizure types involved in 
determining the average improvement of this 
group. 


Results and Comment. In 23 cases 
there was an average improvement in 
the seizures of 62.8% as compared with 
the “base line” during administration 
of phenylacetylurea. In 3i patients an 
average improvement in the seizures 
of 59.5% occurred during administra- 
tion of phenylacetylurea as compared 
with the “best prior treatment”. 

The average improvement in seizures 
according to the tvpe seizures experi- 
enced (compared with “best prior treat- 
ment’) was as follows: 

Entire group 


37 seizure types S9.5°% improvement 


in number of seizures 
53.8% improved 
33.3% improved 


Grand mal (21 cases 
Petit mal (3 cases 


Psychomotor (24 cases) 66.3% improved 
Myoclonic (1 case)* No improvement 
Tonic stupor (1 case 85.0% improved** 


*This patierit has massive myoclonic jerks and not the fam- 
ilial myoclonus which has been reported to show improvement 
on phenylacetylurea by investigators at the Caro State Hos- 
pital (Michigan 


**The seizures in this patient were greatly increased in num 
ber by all forms of treatment including phenylacetylurea but 
phenylacetylurea caused the least exaggeration of any drug 


LOG) 


It appears trom this analysis that 


phenylacetylurea is most usetul in 
psychomotor disorders and may _pro- 
duce some benefit in grand mal. Some 
of the improvement noted in grand mal 
disorders may be attributed to use of 
other medications as these were con- 
tinued increased in 
dosage during administration of phe- 
nylacetylurea. This does not seem to 
account for the improvement in the 


psychomotor disorders, for in most in- 


and sometimes 


stances the psychomotor seizures had 
failed to respond to maximum doses 
of other medications. 


BRYDE: 


average dose was 2.08 gm. daily. Of 
5 


the 30 cases, 21 received 0.5 to 2 gm. 
daily and 9 received 2.5 to 6 gm. 
daily. 


From Table 1 it appears that with 


an adequate dosage of phenylace- 
tvlurea maximum improvement in seiz- 
ures is reached during the first 2 


months and that little improvement 
can be expected to occur thereafter. 
Although some patients received as 
high as 6.0 gm. of phenylacetylurea 
daily, the average improvement on 2.0 


TABLE 1 RESULTS OF TREATMENT Ol 
No significant correlation was found 30 CASES 
between the degree of improvement 
during administration of phenylace- Months Drug Numb Vuml Improve 
tvlurea and the age and sex of the | 7 ae sia 
patient, age at onset of the disorder or . ; 
2 10 16 5 
etiology of the disorder. 
The maximum dose of phenylace- en 
tylurea administered was 6.0 gm. daily, 7 8 0 30 
the minimum 0.5 gm. daily, and the 9-10 66 
TABLE 2.— TOXIC EFFECTS ASSOCIATED WITH ADMINISTRATION OF 
PHENYLACETYLUREA 
Vo Oo; Graded Severity of 
Symptoms Cases Case Individual Case Remarks 
DERMATITIS 2 6.5 29 One patient had det 
matitis on other drugs 
C. N.S. Symproms 15 151 
Drowiness 295 8 32 1.1.2.1.3.3 Necessitated discon 
tinuing one drug in | 
case 
** Nervousness” 6.5 22 
Excitement 12.9 
Personality Change 3 9.7 2.24 
Visual Disturbances 12.9 4,1,1,2 
Psychosis l 3.2 t Schizophrenic reaction 
Headache 8 9.79 > 
Insomnia 3 9.7 
** Dizziness” l 3.2 
ASTROINTESTIN AI 8 25.8 
(Anorexia 12.9 2,3,3,2 
Nausea 2 6.5 
Vomiting 3.2 
Indigestion 9.7 2.1,3 
Abdominal Pain 12.9 $,3,2,2 
Liver Damage l 4 | Slight increase of 1 
terus index 
Wercut Loss 2 6.5 2.3 


WEAKNESS 


¥ 

|_| LITTLE, 
2 6.5 99 
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gm. per day or less was 58.5% as com- 
pared with 61.8% for doses in excess 
of 2.0 gm. per day. It was our impres- 
sion that the curve of improvement 
flattened considerably in the higher 
dosage ranges. The seizures generally 
tended to recur from 1 to 3 days after 
withdrawal of phenylacetylurea but in 
2 patients there were remissions of 10 
weeks and 4 months, respectively, after 
withdrawal all medication. 

The toxic effects attributed to pre 
nylacetylurea are shown in Table 2. It 
will be noted that the greatest number 
of toxic symptoms were related to the 
central nervous system. Toxic symp- 

to the gastrointestinal 
next in frequency and 
many of these may have been produce dl 
by neural mechanisms. 

\ll of the patients who showed per- 
sonality 


toms referable 


system were 


manifesta- 
tion suffered from psychomotor seiz- 
ures. Two of the patients showing the 
vreatest change had pronounced pre- 
existing psve ‘honeurotic tendencies. One 
patient who developed a psychosis had 
schizoid personality before phenyl- 
icetvlurea was administered. Only 1 
ase showed any evidence of liver dam- 
ige and this consisted of 

ausea slightly 

idex. 


changes as a toxic 


anorexia, 
elevated icterus 
All of these symptoms subsided 
ipidly on reduction of the dosage from 
5 to 1.0 gm. daily. In 1 patient insom- 
ia was extreme and she developed a 
read of night similar to that seen in 
clirium tremens. It is interesting to 
ite that the symptoms persisted for 
days after withdrawal of phenyl- 
etylurea but disappeared rapidly 
ter administration of 100 mg. of thia- 
ne hydrochloride parenterally for 2 

. In view of Gibbs’ assertion® that 
aliens with anorexia in his series 
sponded well to administration of 
tamin B complex, there appears to be 
ossibility that phenylacetylurea may 

e ert some antithiamine effect and that 
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this may be responsible for some of 
the toxic symptoms. 

One patient took 6.0 gm. of phenyl- 
acetylurea in a single dose in a suicidal 
attempt. Ataxia and confusion appeared 
and persisted for 2 days but no other 
untoward effect was noted. 

In this small series of patients, der- 
matitis appeared with about the same 
frequency as it has been found in cases 
treated with methylphenylethyl hydan- 
toin (Mesantoin) and diphenylhydan- 
toin (Dilantin), and more frequently 
than with trimethadione (Tridione). 
The hypertrophy of the gums which 
is found 25 to 50% of patients re- 
ceiving diphenylhydantoin not 
noted, but gastrointestinal disturbances 
were seen with about equal frequency. 
Ataxia, nystagmus, drowsiness, tremor 
and dysarthria are frequently found 
when high doses of the hydantoins or 
phenobarbital are being administered, 
but these symptoms were seldom seen 
with phenylacetylurea. The photopho- 
bia and bone marrow depression re- 
sulting from trimethadione administra- 
tion was not observed during use of 
phenylacetylurea. 

In a few cases it was not possible 
to suppress the seizures completely 
with any tolerable dose of the drug 
administered during the waking hours, 
but the seizures were better controlled 
when the drug was administered on an 
“around the clock” 4 hour schedule. As 
the duration of the action of the drug 
is 4 to 5 hours it appears that sup- 
pression of the dysrhythmia continually 
may produce a greater reduction of 
seizures than administration of the 
drug only during the day. 

A few illustrative case reports follow. 


Case Reports. Case 1. Remission of 
Psychomotor Epilepsy and Disappearance of 
EEG Abnormality Following Administration 
of Phenylacetylurea. R. L., a 15 year old 
colored male, began having 3 to 4 psycho- 
motor seizures daily 3 years previously. The 
neurologic examination was entirely normal. 


LITTLE, 
An electroencephalogram showed pronounced 
paroxysmal abnormalities of the psychomotor 
variety. He was followed regularly in the 
Convulsive Clinic for over a year and received 
maximal doses of trimethadione, methylphe- 
nylethyl hydantoin, diphenylhydantoin sodium, 
amphetamine, desoxyn glutamic acid, amino 
acid supplements, mebaral, phenobarbital and 
bromides. Under these programs of treatment 
his seizures continued to occur from 1 to 
times daily. Finally all medication were dis- 
continued due to lack of benefit. Administra- 
tion of phenylacetylurea was begun in August 
1948, with a dosage of 1.5 gm. daily. The fol- 
lowing month he had 2 psychomotor seizures 


but thereafter remained seizure free. On 
January 4, 1949, phenylacetylurea was with- 
Age |5 


Mé 
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motor Seizures. |. ¢ a 25 vear old whit 
man who had grand mal and_ psychomotor 
seizures since the age of 7. A_ neurologic 


examination was normal. An electroencephalo- 
gram Was abnormal, showing excessive fast 
and slow activity without any 
specific “epileptic ” patterns. He 
rather introverted individual over-protected 


by his parents. On treatment with dipheny]! 


excessive 


Was a shy : 


hydantain sodium, phenobarbital and methyl 
phenylethyl hydantoin his grand mal seizures 
but the 
unabated 


showed an improvement of 75% 


psychomotor seizures continu d 
Administration of phe nvlacetvlurea was begun 
and gradually increased to 2.5 gm. daily. One 
month after of this he 


developed increasing irritability, auditory and 


institution treatment 


EEG No. 30B, Sept. 6, 1947 


R. FRONTAL 

R. CENTRAL 


R. OCCIPITAL 
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EEG No.30C, April 26,1949 
R. FRONTAL 


R. CENTRAL 


R OCCIPITAL 


R. TEMPORAL 


Fic. 1. 


drawn. Repetition of the electroencephalo- 
gram on April 26, 1949, showed a complete 
disappearence of the profound abnormalities 
noted in the 2 obtained prior to 
administration of phenylacetylurea (Fig. 1). 
He remained completely free of all seizures 
until May 17, 1949, when he had 2 psycho- 
motor seizures. Phenylacetylurea was again 
administered in the same dosage and he has 
remained seizure free to date. No personality 
changes were noted during following 
administration of phenylacetylurea. 

Case 2. Psychosis During Administration of 


Phenylacetylurea with Remission of Psycho 


records 


or 


Effect of Phenvlacetvlurea on E 


second 
15 


visual hallucinations, delusions of persecutior 
and incoherent speech. These symptoms con 
the 


and 


tinued following discontinuance o! 
phenylacetylurea his 
sitated commitment to the state mental hos 
pital for 7 weeks. There he received insuli: 
subshock therapy and the psychosis improve 
so that he was parolled. Three weeks lat 


psychosis neces 


he again became psychotic and was 1 
admitted to the state mental hospital. T! 
patient has had no psychomotor seizur: 


since the first dose of phenylacetylurea. A 
at the time tl 
although 


medications were withdrawn 


psychosis first developed ind 


| 
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grand mal seizures occurred, psychomotor 2. The improvement in the number 
seizures remained in complete abeyance. of seizures as compared with the best 

CASI 3. Improvement of Psychomotor 
Seizures. Due to Phenylacetylurea—Toxie POT treatment was as follows: 
Dermatitis. Mrs. R. E. CG. a 23 year old Mal, 54%; Petit Mal, 33%; Psycho- 
female had had cryptogenic, grand mal and motor, 66%. 


psychomotor seizures since the age ot 14 Some of the improvement in the 


pletely controlled on a combination of grand mal seizures could be attributed 
diphenylhydantoin sodium, phenobarbital and to medications other than phenylace- 
methylphenylethyl hydantoin, but she con-  tylurea, but phenylacetylurea appears 
tinued to have an average of 300 psychomotor tg be responsible for most of the im- 
seizures per month. After administration of t 

1.5 gm. of phenylacetylurea daily the psycho- Pfoveme nt in the psychomotor seizures. 
notor seizures were reduced to an average 4. The relative maximal improve- 
1 30 per month but she developed a wide- ment occurred within the first 2 months 


discontinuance of phenylacetylurea the psy- 


homotor SseIzures recurred in full force. urea Was begun, and with doses otf 2 2 0 


nonths. The grand mal seizures were com- 


Phenylacetylurea was again started and an gm, per di ay or less. 


ntihistamini weparation was giver ‘on- 
Toxic symptoms, chiefly referable 
urrently. The phenyvlacetylurea was increased 


10 vom. daily without recurrence of the tO ‘* central nervous system or gas- 

lermatitis and with a further reduction in trointestinal tract, occurred in many 

cizures to an average of 20 monthly. In addi- cases, but necessitated discontinuance 


tion to the numerical reduction of the seiz- , C7 
z of the drug in only 16%. 


ires they became less severe so that only 
rarely was there complete amnesia for the 6. Phenylacetylurea appears to cause 


ttack considerable improvement in psycho- 

Summary and Conclusion. 1. Phenyl- motor disorders, slight improvement in 
icetylurea (Phenurone) was adminis- grand mal seizures, and little or no 
tered to 32 patients suffering from a improvement in petit mal, tonic and 
onvulsive disorder. myoclonic type seizures. 


Since preparation of this report, the authors have seen 1 additional case of psychosis and 1 
se of severe leukopenia (1200 leukocytes) occurring Pade the use of phenylacetylurea. 
© psychosis disappeared rapidly after withdrawal of the drug and administration of insulin 

shock therapy. The leukopenia disappeared after phe nylacetylure a was withdrawn and 
nicillin administered. 
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Tue recent development of methods 
for recording the motion of the heart's 
border in man has made it possible 
to study the dynamics of ventricular 
motion in a variety of clinical condi- 
tions. 

Roentgenkymographic studies*.*."" 
have demonstrated that in patients 
with clinical and electrocardiographic 
of myocardial infarction, 
anomalous motion of the wall of the 
left ventricle may occur and that it 
is similar to that described by Tennant 
and Wiggers!” following the ligation 
of coronary arteries in dogs. These 
investigators observed on myographs 


evidence 


recorded from the myocardium sup- 
plied by the ligated anterior descend- 
ing branch of the 


left coronary artery 

a series of evoluting changes 
contour of the contraction curve 
leading in about a minute to its com- 
plete inversion during systolic ejec- 
tion.” 


in 


During the 3 year period in which 
the electrokymograph has been avail- 
able for the clinical investigation of 
heart disease, anomalous motion of the 
left ventricular wall?-* 


has been ob- 


definite 
clinical and electrocardiographic  evi- 
dence of mvocardial infarction. Pre- 
vious ‘sof 


ventricular motion have 


served in patients showing 


rep yrts 
ot 


merely mentioned anomalous motion of 


electrokymographic 
studies?" 


the left ventricle in cases of myocardial 
infarction. More recently anomalous 
motion of the wall of the right ventricl 
has been observed. 

This presents the  electro- 
kymographic observations of left ven- 
tricular motion in 48 patients having 
in common the complaint of precordial 
distress; and ‘also presents the clinical 
diagnoses of a group of 18 patients 
who had abnormal electrokymograms 
of the right ventricle. 


repe 


Tut 
kymograph 


ELECTROKYMOGRAPH Phe 
ce signed t 


changes in 


electré 
an instrument 


record motion of or 


density 
organs by recording variations in the intensit 
of a small Roentgen-ray beam. The techni 
aspects of the electrokymograph as_ well 
its application have been adequately describ 
in the literature’.®, Briefly, however, it co 
sists of 3 essential parts, namely, a fluoroscop 
a pick-up unit and a recording instrument 
The fluoroscope and the recording inst 
ment (an electrocardiographic apparatus 
standard design) require no special descr 
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tion. The pick up unit consists of a multiplier 
photo-tube (R.C.A.-931-A) with fluorescent 
material Covering. its photosensitive surtace, a 
power pac k tor energizing the photo-tube and 

filter-control unit for leading the current 
from the photo-tube across the galvanometer 
the recording apparatus. 

Ihe ufultiplier photo-tube with its fluo- 
rescent covering is mounted between the 
patie nt and the fluoroscopic screen. Using the 
fluoroscopic screen, the photo-tube is posi- 
tioned so that the center of its photosensitive 
surface is opposite the border of the heart. 
When the heart border moves laterally, as it 
loes in diastole, more of the heart lies 
hetween the sensitive surface and the beam 
of Roentgen rays thus reducing the intensity 
of rays reaching this surface. This produces 
in upward deflection of the line. Conversely, 
in systole, with less of the heart between 
the sensitive surface and the Roentgen tube, 
more rays reach the phototube and the line 
moves downward. 

lo permit identification of the phases of 
the cardiac cycle on the electrokymogram 
Eky the carotid pulse is simultaneously 
registered on the same record, using a pres- 
sure cup fastened on the patient's neck over 
the carotid artery. 

rhe curve of the carotid pulse provides 2 
landmarks for identifying the phases of the 

irdiac evele in the Eky!.2, The foot of the 
iajor ascending limb of the carotid pulse 
narks the beginning of the systolic ejection 
phase. The tip of the dicrotic notch on the 
lescending limb indicates the closure of the 
semilunar valves. 

With the carotid pulse recorder, correction 
factors must be used to allow for pulse 
ransmission time and for the lag in air 
onduction as compared to the electrical con- 
luction of the electrokymograph. The lag of 
the air conduction system has been de- 

rmined as 0.01 seconds. The pulse transmis- 
on time from the left ventricle to the 
irotid artery is determined by comparing the 
ming of the pulse wave of the ascending 

ta with the curve of the carotid pulse. 
Vhen the carotid is used to identify right 
entricular events, then corrections are 
etermined by comparing the time relation- 
ips of the simultaneously recorded pulmo- 
iry artery electrokymogram (Eky) and the 
rotid pulse!.2-4, The accuracy of the de- 
rmination based upon the carotid pulse is 
the order of plus or minus 0.01 seconds. 

Since adequate descriptions appear in the 

eraturel? concerning the interpretation of 

rmal Ekys, only brief mention will be made 
re concerning the salient features of the 


Eky of the normal ventricle (Figs. 1, 2-A 
and 5-A). The Eky of the ventricle is found 
to have a striking similarity in general con- 
figuration to volumetric curves!2.14 of the 
ventricles obtained by direct cardiometer 
studies in animal experimentation. Tracings 
of both right and left ventricles in normal 
individuals show the same general pattern 
(Fig. 1): at the onset of systolic ejection as 
indicated by the opening of the semilunar 
valves (determined by projection from the 
pulse wave of the carotid artery) the curve 
(Eky) describing the motion of the ven- 
tricular border under examination is at or 
near the most lateral extent of motion (Fig. 
l-point 2; top of the record). From this 
point the curve moves laterally for a brief 
period of time ( approximately 0.04 sees. ), 
then sharply medialward, the rapidity of its 
descent slowing as it reaches the most medial 


extent of motion (Fig. 1-point 3; bottom of 
record). Point 3 of Fig. 1 marks the closure 
of the semilunar valves and is determined 
by corrected projection from the  dicrotic 
notch of the carotid pulse. Point 3 also 
marks the onset of isometric relaxation which 
is indicated on the Eky curve as a small 
secondary wave. Beginning at point 4 in Fig. 
1 the curve ascends, following the lateral 
motion of the ventricular wall associated 
with diastolic filling. The diastolic component 
of the curve ends at point 5 and is followed 
by another small secondary wave (Fig. 1— 
1 to 2) which is associated with isometric 
contraction. This description of the normal 
ventricular Eky has been confirmed by 
Boone et al.? in 500 Eky examinations of 140 
medical students and nurses whose cardio- 
vascular systems were regarded as normal. 

Routinely, the following positions are taken 
in the Eky examination of the left ventricular 
wall: in the anterior-posterior projection, 
motion is recorded from the upper (AP- 
ULV), the middle (AP-MLV), and the lower 
(AP-LLV) thirds of the left ventricular 
border; in the left anterior oblique position 
at approximately 20° to 30° at about the 
junction of the lower and middle thirds of 
the left ventricle (LAO-MLV); in the right 
anterior oblique position at approximately 
10° to 20° midway between the pulmonary 
artery and the apex (RAO-MLV); in the 
left lateral projection on inspiration at a point 
just clear of the diaphragm (LL-MLV). With 
these positions the anterior, antero-lateral, 
postero-lateral and posterior portions of the 
left ventricle may be explored. Tracings taken 
at AP-ULV frequently have pulmonary 
artery and, or, auricular motion superim- 
posed. Tracings taken at the position LL- 
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MLV are not always free from interterenc« MRB) of the heart in the anterior posterior 
by the aorta or left auricle Consequently projection and the lower right border in the 
for purposes of this study, these latter two left anterior oblique position of 30° to 15 
positions are not reported. (LAO-LRB). Position LRB in the majority 


The wall of the right ventricle is studied of individuals studied reflects motion pre 
in the following positions: the lower right dominantly of the right ventricle, whereas 
border (LRB) and the middle right border position MRB reflects motion predominantly 


12 3 4 5 


LEFT 
VENTRICULAR 


EKY 


CAROTID 
PULSE CURVE 


Fic. 1. Schematic diagram of electrokvmogram from the border of the lett) ventricle and 

carotid pulse. One to 2 is isometric contraction; 2 to 3 systolic ejection limb (from opening of 

semilunar valves as determined by projection from the onset of the major ascending limb of 

the carotid pulse curve with correction A, for difference in air conduction versus electrical 

conduction and pulse transmission time to closure of semilunar valves as determined by 

corrected projection, A,, from the dicrotic notch of the carotid pulse curve); 3 to 4 is isometric 
relaxation; 4 to 5 is diastolic filling period 


A 


Fic. 2. Electrocardiograms taken on patients B to 1 whose Ekys are shown in Fig. 2 ar 
presented. The interpretations of these Ecgs are found with the case reports. 
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of the right auricle!.*. Position MRB is in- right ventricle pulsations of the pulmonary 
cluded in the positions for study of right artery along the left border of the cardiac 
ventricular motion in order to determine — silhouette were recorded for purposes of tim- 
grossly the extent of participation of the right ing events occurring in the right ventricle as 
iuricle in the curve obtained from position previously mentioned. 


LRB. Position LAO-LRB forms a_ counter- ELECTROCARDIOCRAM®. In all cases reported 
check for the right ventricular predominance an electrocardiogram taken on the same 
of the curve in position LRB. Also in con- day or one taken within a reasonable period 
junction with the study of the wall of the of time of the Eky examination is included. 


=| 


S 


3. Presentation of electrokymograms taken from the pulmonary artery and right ventricle 
patients described under the right ventricle in the text. Pul. Art. = pulmonary artery Eky; 
?, LRB = anterior posterior projection lower third of the right border of the cardiac 
ouette; LAO, LRB = left anterior oblique projection of from 30 to 45 degrees, lower third 
the right border of the cardiac silhouette. The carotid pulse curve is below the Eky in each 
ince. Pulmonary artery is shown because it is used for determining the opening of the 
lunar valves with the carotid pulse curve acting as the medium for this comparison as 
utioned in the text. The first projection line from the carotid to the Eky marks the opening 
the semilunar valves; the second indicates the closure of the semilunar valves. The interval 
ween the 2 projection lines marks the systolic ejection phase of the cardiac cycle. A is the 

normal individual described under the left ventricle in the text. 


he authors are grateful to Dr. Maurice Sokolow for checking the electrocardiographic 


rpretations 
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The Ecg for the left ventricular study in- 
cluded a minimum of the following leads: 
the 3 standard leads, the 3 augmented 


unipolar extremity leads of Goldberger? and 


the 6 (V, to V,) precordial leads of Wil- 
son'®, In the study of the right ven- 
tricle the following leads are reported: 


the 3 standard leads, aVy, and aVp and V,, 
V. and V-. 

CLINICAL MATERIAI Left 
Study. Ekys and routine Ecgs were taken 
18 patients who were grouped into 4 
clinical history 
and -Eegs as follows: 17 had had myocardial 
intarction; 
or coronary 
13 miscellaneous patients who had 


Ventricular 


on 


classifications on the basis of 


18 patients had angina pectoris 
insufficiency; and a group of 
as their 
common denominator precordial discomfort 
atypical for angina pectoris, coronary insuffi- 


mvocardial associated 


clency, or infarction 

with other cardiovascular findings such as 
hyperte nsion, marked arteriosclerosis, cardio- 
vascular syphilis, abnormalities of rhythm, 


cardiac enlargement, or dyspnea on exertion. 
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In the study of the left ventricle, attention 
is chiefly focused upon this miscellaneous 
the 
group with established myocardial infarction 


group with precordial discomfort and 


Richt VENTRICULAR StTupy. During the 
course of the study of abnormal Ekys of the 
left ventricle, abnormal motion of the right 


ventricle was also 
of 300 


detail for evidence 


detected. Accordingly, a 
Ekys studied 
of abnormalities of right 


group routine was in 
Those found to have ab- 
the 


and 


ventricular motion 
ventricle 


tar 


motion of right were 


clinically 


normal 


studied in so as possible 


electrocardiographically. 

Results. For the purposes of com- 
parison an Eky and an Ecg from a 
subject with a normal cardiovascular 
system is included in Figs. 2, 3, 5, 
6 under the letter A. 

The principal abnormalities of ven- 
tricular motion noted in the Ekys of 


and 


the cases reported were as follows: 


4. 


Electrokymogram of the left border of cardiac silhouette in the anterior-posterior 


the left anterior oblique, and the right anterior oblique projections from a patient having ar 


aneurysmal dilatation along the lateral border of the left ventricle. 


Ecg accompanies the Eky 


The Eky is above the carotid pulse wave in each position. Position AA is from the ascendin 


5 


aorta; 1 is at the aortic knob; 2 is at the pulmonary artery; 3, 4, and 11 are from the upp‘ 


third of the left ventricle; 5, 6, 8, 9, 


12 are 


over the aneurysmal area of the left ventrick 


10 is from the lower third of the left ventricle near the apex; 7 and 13 are Eky densogran 
taken through the left ventricle medial to the aneurysmal dilatation and directly through 
respectively. More detailed information is found in the text. 


|. 
& 
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during isometric contraction, marked 
lateral instead of a relatively 
short thrust of variable direction; dur- 
ing systolic ejection one of the tollow- 
ing types of motion are found: 1, 
marked lateral motion of the ven- 
tricular wall of over 0.04 secs. duration 
followed by 


motion 


rela- 
relatively absent 
motion; or 3, greatly reduced motion 
instead of a short lateral followed by a 
rapid medial motion as normally oc- 
curs; during the first third to half of 
the diastolic filling period medial 
motion was present instead of lateral 
throughout. (An Eky was 
questionably abnormal 
when its deviation from normal ven- 


reduced medial or 


5 


tively no motion: 2, 


motion 


regarded as 


tricular motion as described previously 
was marked and was in the direction 
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of the type described as abnormal.) 

In the miscellaneous group of 13 
patients in whom the diagnosis of 
angina pectoris, coronary insufficiency, 
or myocardial infarction could not be 
established, the following is reported: 
10 had abnormal Ekys; 3 were ques- 
tionably abnormal. 

Of 10 patients who had abnormal 
Ekys, 5 had Eegs which were inter- 
preted as borderline or as abnormal, 
but of no characteristic pattern and 
5 were reported as within normal 
limits. 

Of the 3 patients with questionably 
abnormal Ekys, 2 showed borderline 
or suspicious Ecgs and 1 was reported 
as normal. 

The Ekys and Ecgs of 3 of these 
patients are presented in Figs. 2 and 


L M N O 


». Electrokymograms from the border of the left ventricle in the following positions and 


jections: mid left ventricle in the right anterior oblique, 10 to 20 degrees; mid left ventricle 
the anterior-posterior projection; mid left ventricle in the left anterior oblique of 30 degrees; 
er left ventricle in the anterior-posterior projection. A represents the Ekys from the normal. 
tailed explanation of these curves is found in the case reports (Patients B to I). The 
tid sphygmograms are below the Ekys. The projection from the carotid to the Eky is 
cated in white; the jog in the projection line indicates the correction factor for air 
iduction and pulse transmission time. The first line indicates the opening of the semilunar 
es, the second line the closure of the semilunar valves; the interval between the 2 lines 
represents sy stolic ejection. 
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3—B, C, and D. A brief summary of 
their case histories as well as_ the 


reports of their Ecgs and Ekys are 
presented in the case histories below. 

In the group of 18 patients thought 
to have insufficiency 
angina pectoris, there ll ab- 
normal Ekys of the left ventricle and 
3 questionably abnormal. Of the 11 
patients with abnormal Ekys, 4 had 
abnormal Ecgs, 3 had borderline Ecgs, 
and 4 were reported as within normal 
limits. (The authors recognize the im- 
portance of this group of patients and 
it is their intention to make a 
detailed report Eky 
angina pectoris and in coronary insuth- 
ciency in the future.) Cases E 


coronary or 


were 


more 


of findings in 


and F 
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are representative of this group. Their 
9 


Ekys and Ecgs are shown in Figs. 
the the 


and 3; summaries of case 
histories as well as the Eky and Ecg 
reports are to be found in the 


appendix. 

Since the 17 patients who had myo- 
cardial infarction were chosen on the 
of 
graphic evidence of infarction, only 
the 
presented. Ten of these patients had 
abnormal Ekvs of the left ventricle, in 


basis clinical electrocardio- 


electrokymographic results are 


6 the Eky was questionably abnormal, 
and in 1 it was normal. Cases G, H, and 
[ in Figs. 2 and 3 show the Ekys and 
Ecgs on 3 patients of this group. The 
Ecg 


case history and reports of the 


< 


& 


| 


L MN O 


Fic. 6. 


The electrocardiograms taken on patients whose Ecgs are 


shown in Fig. 5 


presented. The interpretations are found with the Case Rx ports 


4 
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and Eky on Case H are included in 
the case histories below. 

One of the patients (C. 
series of myocardial 


have a 


H.) in this 
infarctions 
readily observed 
ventricular wall by 
diagnosis of post- 
aneurysm corrobor- 
‘diodrast studies. Fig. 4 
sketch of the left border of 
the patient's cardiac silhouette as seen 
at fluoroscopy together with his Eky 
Ecg. It is of interest to note in 
ig. 4 that positions 5, 6, 8, 9, and 12 


was 
found to 
aneurysm of the 
fluoroscopy. The 
infarctional was 
ated by 
shows a 


and 
Fig 
ire taken over the aneurysm and _posi- 
tions 3, 4, 10, and 11 are superior and 
inferior to it. 13 is a density 
Eky of the aneurysm and position 7 is 
through the medial to the 
aneurysm. The positions taken over the 
border of and through the aneurysm 
show the Eky and the 


Position 


ventricle 


carotid wave 


traveling in the same direction; the 
remaining positions over the 
ventricle grossly resemble those. ob- 


tained from the normal left ventricle 
is illustrated in Fig. 1 and Fig. 2-A. 
Right Ventricle. In a series of 300 
Eky examinations made con- 
secutively, abnormal motion of the 
right ventricle was found in a total of 
\S patients and questionable abnormal 
notion was found in an additional 
atients. For the purposes of this re- 
ort the significant clinical findings for 
he 18 patients with definitely abnormal 
kys of the right ventricle are reported. 
Eight patients had findings con- 
stent with pulmonary disease as fol- 
: bronchitis of unspecified etiology 
asthma in 4; pulmonary em- 
hysema in 2; pulmonary silicosis in 1; 
id in 1 lupus erythematosus  dis- 
minatus with involvement. of lungs, 
‘ricardium and myocardium. 
Seven patients had cardiac lesions 


routine 


follows: 3 with rheumatic heart 
sease; 1 with a left ventricular 


ieurysm; 1 with angina pectoris; 1 
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with a patent ductus arteriosus; and 
1 with an interventricular septal defect. 

The complaints and clinical findings 
of the remaining 3 patients were vague 
and to date no diagnosis has been 
possible. 

The Ekys and Ecgs of 5 of this group 
of patients are presented in Figs. 5 and 
6—Cases J. K, L, M, N, and QO. The 
diagnosis of each case is as follows: 

Case J: A 17 year old male with 
lupus erythematosus disseminatus. 

Case K: A 50 year old male with 
marked pulmonary silicosis. 

Case L: A 17 year old female with 
a patent ductus arteriosus. Ecg was 
within normal limits. 

Case M: A 28 year old male with 
mitral insufficiency, auricular fibrilla- 
tion and marked cardiac enlargement. 

Case N: A 32 year old female with 
asthma of undetermined etiology. Ecg 
was reported as borderline. 

Case O: A 26 year old male with 
no tangible diagnosis but with the 
principal complaint of palpitation. Ecg 
was reported as within normal limits. 

The Case Histories and the reports 
of the Eegs and Ekys of Patients J 
and K are summarized in the appendix. 
The autopsy report on Patient J 
summarized with his history. 

It is of considerable interest to note 
that in 3 of the patients having ab- 
normal motion of the right ventricle, 
abnormal motion of the left ventricle 
also occurred, These 3 patients had 
the following conditions; the first had 
chronic bronchitis of unknown etiology, 
asthma of unknown etiology, and 
angina pectoris; the second was the 
patient presented in Fig. 3 who had 
a large left ventricular aneurysm; the 
third, was a patient who had marked 
emphysema and precordial pain not 
ty pical of angina pectoris. 

Discussion. In a group of 48 subjects 
having the complaint of precordial dis- 
comfort with other subjective and, or 
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objective symptoms involving the car- 
Ekys ot 


ventricle 


diovascular system, abnormal 
the wall of the left 
observed 31 (64% ) 

As this series of patients was not 
set up for statistical analysis, one can 
only observe that abnormal E ky motion 
of the left ventricular wall can 
in patients with evidence of myocardial 
infarction as well as in patients having 
complaints referrable to the heart with- 
out definite evidence of 
infarction. Conversely in such patients 
the Eky present the acce pte d 
normal configur: ition for left ventricular 
motion. To date the authors have 


were 


occur 


mvocardial 
may 


not 
observed the type of abnormal motion 
herein described in individuals who 
have had cardiovascular svstems above 
suspicion. 

Thus far, the authors have observed 
this type of abnormal Eky in 3 
patients who had cardiov: iscular dis- 
ease but without the symptom of pre- 
cordial distress. 

In the normal Eky!? a 
described which closely 
direction and general configuration. 
the classical ventricular volume curve! 
That is, in systole the general divection 
of motion is medial and during diastole 
it is lateral. On the other hand. in 
the abnormal Ekys which have been 
described, the general direction of 
motion tends towards the opposite, that 
is, during 


curve. is 
resembles in 


early 
systole—lateral motion becomes prom- 
inent and medial motion is largely 
diastolic, thus bearing a greater resem- 
blance to a ventricular pressure curve! 
than to the volume curve. 
in Fig. 4 this difference in 
direction configuration between 
the positions examined the 
aneurysm as compared to other areas 
of the left ventricle. 

The curves described bear a great 
resemblance to those obtained by 
nant and Wiggers! 


systole—e speci: lly 


The curves 
show 
and 


over 


Ten- 
2 from the ischemic 
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myocardium of the dog. They also bear 
a marked 
of the lett 


roentgenkymogr: iphy 


resemblance to the motion 


ventricle as observed by 
in cases of 
Previous re- 


myoc% ardial infarction. 


ports? * as well as the reports on Cases 
G. H. and I above show this same 
abnormality of motion of the wall 


the left ventricle in cases with evidence 
of myocardial infarction. 

It is of 
entgenkymographic studies referred to 
that Dack et al.*'" reported 28 
kvmograms with 
Ecgs in a series of 200 cases 
land and Thomas* report 10 with nega- 
tive 
kymograms. Of 8 patients studied at 


interest to note in the ro 
above 
abnormal negative 
and Gar 
Ecgs in a series of 5S abnormal 
autopsy from the series of Dack et al 


6 were found to have evidence of in- 


farction and showed coronary 
sclerosis and myofibrosis with no evi 
All S had 
Ecgs and roentgenkymograms. 

On the 
and the Ecg findings, the 
of the Ekys on Cases B, C, 
cannot be attributed to 


infarction without reservation. 


dence of infarction. abnormal 


basis of the clinical histories 
abnormalities 
and D 
mvocardial 
Abnormalities of motion of the wall 
of the right ventricle as observed abov: 
have not been previously reported. The 
striking correlation of clinical evidenc 
with the 
monary circulation and the 


Eky are 


tor some interterence 


pul 
abnormal 
ities noted on the of considet 
able interest. 

While the explanation of these obser 
entirely understood, it 


vations is not 


would seem logical to ascribe the 


cause of these phenomena to something 
infarction and _ t 


besides mvocardial 


search for a common denominator. it 
the functional and, or. statu 
of the 


elastic and contractile properties. Th 


organic 


ventricular wall relative to it 


findings of Tennant and Wiggers!” an 


Tennant!! as the result of their pel 


fusion experiments and the autops 
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findings in Patient J above provides 
one with ample reason to explore this 
field extensively. 

The tollowing explanation is offered: 
the myocardium of the ventricular wall 
is unable to overcome the load placed 
upon it as effectively as normal due to 
deficiency it its elastic and, or, 
contractile properties. And further, the 
burden tor the cardiac output may then 
principally rest on the piston- -like 
action of the interventricular and auric- 
ulo-ventricular septae with the walls 
acting to a greater or lesser extent as 
retainers. The validity of this 
explanation will depend upon further 
study in this field as well as simul- 
taneous studies of cardiac output com- 
bined with studies of septal activities 
along the lines reported by Wester- 


some 


passive 


mark", 
Case History Summaries. Patient B. ( F.C.) 
male; age 58; ht.: 173 cm.; wt.: 78.2 kg. On 
3/1/48 he sought medical care because of 


shortness of breath on slight exertion and 
occasional precordial stabbing pain of momen- 
tary duration exertion. These com- 
plaints have been present since 1939. Exam- 
ination revealed moderate 


VOSsS¢ ls: 


sclerosis of retinal 
B. P. 125/85; crepitant and musical 
rales in both lung bases posteriorly; increased 
throughout chest; RBC 6.13  mil- 
lion; hemoglobin 17.4 gm. Roentgen-ray of 
enlargement of the pulmonary artery 
it the hilum and marked emphysema. Elec- 


resonance 


thorax: 


trocardiogram 4/30/48 (Fig. 3-B): sinus 
rhythm, rate 90; P-R 0.18; QRS 0.09; axis 


+80; semi-vertical heart; low to flat T waves 


in Il and V,; diphasic T in aVr. Borderline 
record. Electrokymogram 4/30/48 (Fig. 
2-B): positions RAO-MLV and AP-MLV 
how reduced motion during systole and 
nedial motion during early diastole. Positions 


LAO-MLV and AP-MLV are 
iormal configuration. 
tricle and abnormal. ) 

Patient C. (R. J.)—male; age 37; ht.: 178 
m.; wt.: 65.9 kg. On 11/3/47 he sought 
iedical attention for the complaint of inter- 
\ittent precordial pain which had a dura- 
ion of a few seconds to several hours. This 
omplaint was present for past 2 years. It 
ceurred with emotional and physical stress 
nd was accompanied by shortness of breath. 
le is oceasionally aware of his heart “pound- 


grossly of 
(Motion of right ven- 


FROM THE 


WALL OF THE VENTRICLE JOY 
ing. Physical examination was 
B. P. 130/88. Fluoroscopic examination of 


thorax revealed no recognized abnormalities 


negative. 


of the heart and lungs. Electrocardiogram 
11/4/47 (Fig. 3-C): sinus rhythm, rate 84; 
P-R 0.17; QRS 0.08; axis +77. Vertical 
heart. Record within normal limits. Electro- 
kymogram 11/4/47 (Fig. 4-C): lateral 


motion during first half of systolic ejection in 
all positions on le ft ventricle with absent or 
reduced motion during latter one-half of 
systolic ejection in RAO-MLV and LAO-MLV 
with relatively sharp medial motion in latter 
one-half of systole in AP-MLV and AP-LLV. 

Early diastolic motion is chie fly me dial. 

Patient D. (O.B.)—female; age 62; ht.: 
157.7 cm.; wt.: 58.7 kg. On 12/2/47 sought 
medical attention for boring pain left epigas- 
trium with radiation to left lower precordium. 
Brought on with physical exertion and emo- 
tional Noted since August, 1947. 
Physical examination revealed a rough sys- 
tolic murmur at the apex with transmission 
towards the axilla. B. P. 125/75; hemo- 
globin 55%; RBC 3.5 million; no other 
tangible findings. Fluoroscopy of thorax: no 
abnormalities were noted. Electrocardiogram 
12/1/47 (Fig. 3-D): sinus rhythm, rate 84; 
P-R 0.13; QRS 0.07; axis +45; semi-hori- 
zontal S-T segment in 2 and aVF is suspicious; 


tension. 


otherwise, record appears normal. Electro- 
kymogram 12/1/47 (Fig. 2-D): lateral mo- 
tion in early systole followed by absent 


motion in RAO-MLY; continuing slow lateral 
motion in AP-MLV; and reduced medial 
motion in AP-LLV. Motion in position LAO- 
MLV corresponds to normal configuration. 
Patient E. (S.W.—U121692)—female; age 
72; ht.: 134 cm.; wt.: 71.8 kg. Developed 
complaint of precordial pain associated with 
exertion and excitement in 1945. No radiation 
of pain. Duration 15 to 30 minutes. Dyspnea 
accompanies pain. Pain is relieved by rest. 
These complaints have persisted until present 
examination on 6/16/48. Physical examina- 
tion revealed enlargement of cardiac dullness 
to left of mid-clavicular line. B. P. 150/85; 
moderate generalized arteriosclerosis; no ad- 
ventitious heart sounds. Roentgen-ray of chest 
on 10/24/45 and fluoroscopic examination on 
6/16/48 revealed slight enlargement of 
the cardiac silhouette to the left with 
dilatation of the ascending aorta. Electro- 
cardiogram (10/16/45) was interpreted as 
an abnormal record of no characteristic pat- 
tern suggesting myocardial disease. Electro- 
cardiogram 6/16/48 (Fig. 3-E): revealed a 
rate of 100; P-R 0.20; QRS 0.07; axis —40. 
T of %& mm. with R of 7 mm. in aVL; QS 
in aVF which may be positional. Horizontal 


o10 GILLICK, 
heart. Record was reported as probably within 
normal limits. Electrokymogram 6/16/48 
(Fig. 2-E): lateral motion during first halt 
ot systole followed by reduced medial motion 
in positions RAO-MLV and AP-MLV. Early 
diastolic motion is chiefly medial. Motion in 
positions LAO-MLV and AP-LLV grossly tol- 
low normal patterns 

Patient F. (F.W.—U135542)—female; age 
62; ht.: 157.5 cm.; wt.: 49.2 kg. Entered 
the University of California Hospital Clinic 
12/11/46 for the complaint of diabetes known 
tor 18 years and aching pain in left chest ot 
10 years’ duration. Chest pain was precipi- 
tated by both exertion and emotion. Duration 
rest. It 
was accompanied by palpitation. No dyspnea 


was a few seconds; disappeared at 


Diagnosis at this time was diabetes mellitus 
with moderate generalized arteriosclerosis and 
anginal syndrome. B. P. 120/70. Her 
diabetes brought under control 
her general condition improved; however, the 
precordial distress persisted until the present 
examination. On 6/8/48 her blood pressure 
was 150/80. No significant cardiac findings 
were noted on physical examination. Roent- 
chest (5/4/48) revealed the 
transverse diameter of the heart 
the theoretical normal 
Ungerleider tables. Otherwise, no other car- 
diac abnormalities were noted. Electrocardio- 
gram 6/25/48 (Fig. 3-F): sinus rhythm, 
rate 62; P-R 0.18; ORS 0.10; axis —20. Hori- 
zontal heart. Low voltage in unipolar leads 
with low to flat T waves in II, V, to V,. The 
conclusion was: abnormal record of no char- 
acteristic pattern. Electrocardiograms taken 
on 12/12/46 and 5/4/48 were similarly inter- 
preted. Electrokymogram 6/25/48 (Fig. 4-F): 
marked lateral motion during early systolic 
ejection followed by absent motion in RAO- 
MLV; continuing slow lateral motion in AP- 
MLV; reduced medial motion in LAO-MLV; 
and medial motion of greater rapidity in 
AP-LLV than in LAO-MLV. 

Patient H. (].M.—U95995 ) male; age 60: 
ht.: 161.5 cm.; wt.: 48.5 kg. Entered the 
University of California Hospital Clinic in 
1945 complaining of leg weakness on walking 
and rest pain in his calves. His condition was 
diagnosed as generalized arteriosclerosis with 
intermittent claudication. On 7/17/47 he re- 
turned to the Clinic complaining of a sen- 
sation of “pushing up” against his heart on 
arising from bed. This sensation radiated to 
his neck, jaw, and down the inner aspect of 
his left arm. Both leg and precordial distress 
could be precipitated by walking 100 yards. 
Noted dyspnea after eating. Cardiovascular 
examination revealed advanced arteriosclerotic 


was and 


gen-ray_ of 
as 14% above 
according to the 


SCHNEIDER: 


changes in the fundi; blood pressure 120/75; 
accentuated A,; absent dorsalis pedis arterial 
pulsations; feeble posterior tibial pulsations. 
Ecg. revealed an abnormal record characteris- 


tic of left bundle-branch block. 


revealed the transverse diameter of 


Roentgen-ray 
of heart 
the heart as 15% greater than the expected 
according to the Ungerleider tables and a 
calcified plaque in the aortic knob. On 
5/24/48 he entered the Clinic with a history 
of having been hospitalized two weeks pre 
viously because of the onset of severe dyspnea 
and anterior chest pain which radiated down 
the left arm. The pain was not brought under 
control for a period of about 2 hours. Physi- 
this time revealed B. P. 
110/65 and no significant changes since the 
Essentially the 
however, the 


cal examination at 


previous examination. Ecg. 


was the transverse 
diameter of the heart by Roentgen-ray had 
increased from 15% to 40% greater than the 
expected by the Ungerleider tables. Roentgen- 
rays marked rounding 
and prominent left heart border. It was felt 


Same; 


also showed a more 


that he had a myocardial infarction. Electro 
cardiogram 5/24/48 ( Fig. 3-H): sinus rhythm, 
rate 65; P-R 0.17; QRS 0.14; axis +75. 


Vertical heart. Wide QRS complexes in all 
leads with depressed S-T segment in II, II, 
V;, Vg. and aVF. Diphasic T in Hl, Il, 
\ Ks V,. and aVF. Conclusion: abnormal record 
characteristic of left bundle-branch — block 
Electrokymograms 6/23/48 (Fig. 2-H): mo- 
tion undulating but slight in all 
ejection 


positions 
during Pulmonary 
artery Eky (not shown on figure) leads the 
0.06 thus 
corroborating — the electrocardiographic find- 
ing of left bundle-branch block. 

Patient J. (P.G.—U140991 )—male; age 16 
ht.: 160 cm.; wt.: 44.4 kg. Was referred to 
the University of California Hospital Clinic on 
5/16/47 because of pain in the great toe on 
the right foot and a treatment resistant ulcer 
on the left small toe. His course was steadily 
died 5/30/48. During this 
period he was hospitalized on 3 


sy stolic phase. 


carotid pulse wave by seconds, 


worse and he 
occasions 
Extensive studies were done. His cardiovas- 
cular complaints were principally pain in toes 
feet, hands, fingers, calves, and on his last 
admission, chest pain. Symptoms were accom- 
panied by febrile reactions and anorexia. The 
salient points on physical examination were: 
a bilateral macular eruption over both malar 
areas and_ bridge of generalized 
adenopathy; inconstant pericardial friction 
rub; no heart murmurs; absent to questionable 
ulnar, and posterior tibial 
artery pulsations; cyanosis of right great toe 
and ulcer on left small toe which progressed 


nose; 


dorsalis pedis 


ABNORMAL 


to gangrene and was amputated; B. P. re- 
mained at about 125/65; a terminal broncho- 
pneumonia developed. Extensive laboratory 
procedures were carried out including patho- 
logical studies of vessel, muscle, and lymph 
gland tissue. A clinical diagnosis of lupus 
erythematosus disseminatus was made and 
substantiated by autopsy. 

Autopsy findings in part were as follows: 
obliteration of both pleural cavities by a large 
number of sott, almost gelatinous adhesions; 
adhesive pericarditis; heart weighed 250 gm.; 
the heart muscle was pale red-brown in color 
ind was than normal. No 
areas of scarring, fibrosis or infarction. 
lhe endocardium smooth; there 
slight region of the 


valve 


somewhat softer 
VTOSS 
was was 
mitral 


a slight verrucal formation along 


beading in the 
and 
the line 
have functioned well; left anterior descending 


of closure; the valves appeared to 


coronary artery at one point shows a fairly 


large atheroma; otherwise the coronary 
arteries appeared to be free of degenerative 
changes. The lungs appeared congested; the 


unount of aerated tissue was severely de- 
dl 

examination of the heart was 
reported as tollows: “In the region of the 


tricuspid valve the myocardium shows a ten- 


Mic Opi 


dency to loss of the cross striations and to be 
re placed by connective tissue. There are fre- 
quent foci of pus cells and often there are 
areas of necrosis in the muscle. Plasma cells 

cells pre- 
calcification in the affected 
stroma is noted. The smaller arterioles show 
with associated 
phlebitis. There is hyaline degeneration with 
and from the 
edematous. 


and other chronic inflammatory 
dominate. Early 


frequent arteritis some 


\ essels. 


The 


necrosis 
The 


\ aly e normal. 


hemorrhage 


stroma is often very 


The remaining regions of the heart show 
a similar process which varies somewhat in 
y from area to area. There are areas 
of marked periarterial edema and _ fibrosis 
with fragmentation and swelling of the col- 
lagen stroma. The myocardial cells in these 
ireas often show cloudy swelling. A marked 
hronic fibrinous pericarditis is noted with 
onsiderable present. This is quite 
marked on the right side of the heart as well 
with marked alterations in the architecture 
of the myocardial stroma and cells. Some 
ireas of the pericardium show a pus cells 
response rather than a chronic reaction. 

The valves in general are well formed 
with some edematous swelling of the stroma 
of the aortic valve. 


intensity 


edema 


lhe coronaries show some chronic inflam- 
natory cells in the adventitial layer with 


ELECTROKYMOGRAMS FROM 


THE WALL OF THE VENTRICLE O11 


edema. One area has an atheromatous plaque 
partially obstructing the lumen.” 


Roentgen-rays of chest (5/19/47 and 
8/13/47): cardiac shadow and lung fields 
were reported as within normal limits. 


11/29/47: the cardiac shadow was reported 
as markedly increased in size. A pericardial 
effusion was thought to be present. Increased 
broncho-vascular markings were noted in both 
lung fields together with thickening of the 
pleura. 5/15/48: a slight decrease in the size 
of the cardiac shadow was reported. The 
lung fields were reported as clear. 

(5/17/47): reported as consistent 
with but not diagnostic of rheumatic carditis 
5/23/47: reported as compatible with myo- 
cardial involvement and possibly pericarditis. 
6/16/47: reported as “an abnormal rec- 
ord indicative of myocardial involvement”. 
7/24/47 and 8/12/47: reported as “within 
normal limits”. 11/30/47 and 12/8/47: re- 
ported as “abnormal record compatible with 
pericarditis”. 12/15/47, 12/22/47, 12/27/47 
and 1/13/48: reported as abnormal record of 
no characteristic pattern. 4/1/48: reported as 


Ecgs 


borderline record with changes toward 
normal. 
Electrocardiogram 5/13/48 (Fig. 6-]): 


sinus rhythm, rate 107; P-R 0.17; QRS 0.08: 
axis +60. Semi-vertical heart. Low voltage 
in standard leads and aVL; low to flat T 
in I, I, II, V,, V;, aVL and aVF. Abnormal 
record of no characteristic pattern. 

4/16/48 (Fig. 5-J): 
sharp lateral motion followed by almost no 
motion during the systolic ejection period 
in both positions on the right ventricle. The 
direction of early diastolic motion in the 
positions shown is medial. Motion of the 
left ventricular wall is normal in direction: 
however, secondary waves usually ascribed 
to positional changes are absent. 

Patient K. (D.C.—U36317 )—male; age 50; 
ht.: 158 cm.; wt.: 58 kg. Between the ages of 
31 to 39, this patient was a hard rock miner. 
In 1941 he entered the hospital because of 
occlusive vascular disease of his lower ex- 
negative at that time 
and the lungs showed no pathological physi- 
cal findings (Roentgen-ray examination of 
chest not done). 

After having been treated in 1942-43 for 
lues the patient re-entered the University of 
California Hospital Clinic on 4/19/48 and 
was sent to the hospital on 5/20/48 because 
of pains in his right foot and fatiguability of 
the legs. Arteriograms showed narrowing of 
the lumen of the descending aorta below the 
umbilicus and occlusive vascular disease in 
the upper extremities. B. P. was 145/70. 


Electrokymogram 


tremities. was 
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Roentgen-ray 5/28/48 revealed numerous he obtained in the presence of normal 
small rounded nodular densities of calcified and borderline routine Ecgs. 
appearance widespread throughout both Normal Ekvs in th positions studied 


lungs representing probably a rather advanced ag. : ; 
degree of silicosis. Cardiac shadow is some- can be obtained from the left ventricle 


what elongated and narrowed but not other- of patients with myocardial infarction, 
angina pectoris and coronary insuf- 
Electrocardiogram 6/4/48 (Fig. 6-K): sinus 
rhythm, rate 83; P-R 0.18; QRS 0.07; axis ficiency. 
+70. Semi-vertical heart. Relatively low T,. Abnormal Ekvs can be obtained from 
Record within normal limits the wall of the right ventricle. 


Electrokymogram 6/4/48 (Fig. 5-K): only 
slight medial motion noted during systolic 
ejection period in both positions. Early dias- 
tolic motion is medial evidence of cardiac or pulmonary dis- 


Fifteen of the 18 patients with ab- 
normal Ekys of the right ventricle had 


ease, or both. 
Abnormal Ekvs can obtained 
from the wall of both ventricles in the 


Summary and Conclusions. Abnor- 
mal Electrokymograms (Ekys) from 
the wall of the left ventricle were 
observed in myocardial infarction, same individual 
coronary insufficiency, angina pectoris, Additional investigation is necessary 
and in patients with symptoms atypical before the full clinical significance of 
of angina pectoris. Abnormal Ekys can these observations can be established. 
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Because of 7 cases of rupture of the 
myocardium occurring in this hospital 
during 1945—a relatively large number 
for a small hospits il—and because of the 
fact that anticoagulant therapy is prac- 
tically routine in the treatment of mvyo- 
cardial infarction, we have studied the 
literature and our cases to determine 
the relationship, if any, between anti- 
coagulant therapy a this pi athological 
condition. Our data are being present- 
ed in the hope that they will stimulate 
further investigation of this problem 
by others. It is noteworthy that the 106 
iutopsies performed in this hospital 
during the first 6 months of 1949 in- 
cluded 10 instances of acute mvocar- 
dial infarction without one ruptured 
myocardium, the treatment being un- 
hanged. We intend to present further 
lata ina subsequent report. 

Review of the Literature. None of 

the reports regarding the use of the 
iticoagulant drugs in myocardial in- 
arction has referred to rupture of the 
nvocardium. Indeed, Blumgart and his 
o-workers* have presented evidence to 
how that the time of myocardial heal- 
ig is the same with or without the 
nticoagulants. 

Prior to Krumbhaar’s classical paper 
| 1925'%, rupture of the myocardium 

as regarded as rare. Since then, how- 


* Formerly Resident in Pathology. 


ever, the literature has contained a 
number of reports of this condition 
which is now recognized as a definite 
clinicopathological entity. The data ob- 
tained from the review of the literature 
are summarized in Table 1 

A summary of the literature reveals 


that myocardial rupture, traumatic 
cases excluded, is almost invariably 
secondary to mvocardial infarction. 


This usually is an acute infarct, i.e., 
less than 2 weeks old, there being but 
3 cases reported in which the rupture 
was through an old, healed lesion. 

Most authors agree that exertion is 
an important etiologic factor in myo- 

cardial rupture. This might be correlat- 
ed with the high percentage of rup- 
tured myocardiums found at routine au- 
topsies in mental institutions. In the 
reports from these institutions, it is in- 
teresting to note that all of the ruptures 
were of acute infarcts and that none of 
the infarcts had been diagnosed ante- 
mortem. 

The anticoagulant drugs are not men- 
tioned. This is not strange, considering 
that all but a few of these articles ap- 
peared prior to their use. 

Memorial Hospital Cases. The data 
regarding the 7 cases of myocardial 
rupture found at autopsy at this hos- 
pital during the past 10 years are sum- 
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PABLE 1.—REPORTS ON MYOCARDIAL INFARCTIONS AND RUPTURES SINCE 192 


ES Po 
No. Rupt. P.¢ \ Ru P.C. 
Krumbhaar™ 16.000 | 0.04 
Munict 13,000 0.05 
Leipzig S.000 0.11 
De La Chapelle® 15,059 ) 0 


Wolff & Whites 0 0 0 
Parkinson & Bedford SS ‘ 
Levine’ 


Beresford & Earl* 374 


Benson et a 7000 

Meakins & Eakin’ 6.548 OOOO 
Smith & Bartels 6.000 
Stewart & Eaton 

Eppinger & Kennedy 

Selzer ) ) 


Applebaum & Nicholson 


Bean? 

Mallory et 72 

Martland 2 000 ‘2 

Edmondson & Hoxie 25.000 r S 3 20 
Friedman & White** 2067 270 ) ) 0). 34 
Jetter & White* 115 7 41.0 0 0 22 30 4 40 
Segall 1G 
Mintz & Katz!9 41} l 
Diaz-Rivera & Miller*® 1,250 147 S ’ 0 4 

Wang et al**26 7.018 0 33 
Wartman & Hellerstein 2000 160 0 10 »» 111 0 35 4.4 
Yater et al® 137 ; 2 


Fo 
Memorial Hospital 78 3 7 0 7 7 4 


Mental ** Massachusetts General Hosp 


TABLE 2.—DATA ON THE 7 CASES OF THIS STUDY 


Clinical Findings Path 


= > 
~ > 
= ~ 
> 
~ 
~ ~ ~ 
~ ~ 7 ~ = ~ 
~ Sa S = = = = = ~ 
= = = = > = x = 
~ > ~ ~ = ~ = 
~ ~ aS = = = = = x 
~ ~ =~ ~ > = ~ = ~ x 
= > >s = = > = 
= ~ ~ ~ ~ ~ ~ ~ ~ 


12459 67 
11909 52 
77150 67 


77333 54 M 


Se 


79979 74 


47685 81 
80666 75 M 


* 


~ 


29 H 
7D 


Received Vitamin kK 


Exertion at onset 


Systolic hypertension only 


~ = Total Ruptur 
29 H \ 
Less 
6P. ¢ 
p 
ore 


RUPTURE OF THE HEART 
Table 2. The series, while 
gives results in keeping with 
those in the literature. All ruptures oc- 
curred at the site of fresh infarction. 
Clinically, the time between the onset 
of symptoms of myocardial infarction 
and death of the patient varied be- 
tween 29 hours and 11 days, an average 
of 5 days. The clinical findings regard- 
ing the age of the infarct were con- 
firmed at autopsy. Two of the 7 oc- 
curred immediately following exertion, 
and 4 of the 7 were taking digitalis 
(Table 3). Four of the 7 had been given 
niiieneaiiuiie this means 4 out of 
every 5 in 1948. The series is of course 
too small to support positive conclu- 
sions. Moreover, there is overlapping 
of possible causes in that 2 of those who 
were taking anticoagulants were among 
those who had undergone unusual exer- 
tion immediately prior to death. 


marized in 
small, 


TABLE 8. RELATION OF EXERTION, 


DIGITALIS AND ANTICOAGULANTS TO 
RUPTURE 

1938-1947 0 2 

1948 2 5 

Total 2 7 


FOLLOWING 
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Discussion. Foord’s* recent report 
showed an incidence of myocardial 
rupture comparable to that of the pres- 
ent series. His cases, however, were 
spread out fairly evenly over a 17 year 
period!”. 

Despite the small number of our 
cases, it is significant that 5 ruptures 
occurred in | year, the other 2 occur- 
ring during the remaining 9 years. 

Conshusions. This series of 7 cases 
of myocardial rupture is spatel be- 
cause a significant number occurred in 
a small hospital during a single year 
(1948). 

Myocardial rupture is most likely 
to occur during the first 2 weeks fol- 
lowing an acute infarct. Keeping the 
patient at absolute bed rest during this 
period will minimize the danger of 
this complication. 

While digitalis must be used in acute 
infarction when myocardial failure de- 
velops, this should be done with great 
caution and with the knowledge of its 
danger during this period. 

Our data, together with those of 
Foord, suggest that the use of anti- 
coagulant drugs does not predispose to 
myocardial rupture. Statistical analysis 
of a much larger series of cases is nec- 
essary, however; pending this, the pos- 
sibility of such a relationship should 
be ke pt in mind. 


The authors express their appreciation to the Staff Members of the Memorial Hospital 


for permission to include their private 


cases in this report. 
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A NEW TEST FOR VASOPRESSOR SUBSTANCES IN HYPERTENSION 


By Davin B. FisHpack, M.D. 


ASSISTANT 
PHILADELPHIA, 


Hypertension has been proved to be 
no simple condition. It may range from 
benign to an extremely malignant 
form. The importance of nervous, renal, 
adrenal factors contributing to the 
differs with the individual 
patient’. Experimental studies have led 
to the sent di differentiation be- 

‘ssential or primi ary hyperten- 
hypertension se ‘condarv to 
both being the re sult of 
increased pe ‘ral resistance. Malig- 
nant hypertension is probably similar 
but of 
grade, leading to widespread degenera- 


and 
condition 


tween 
SION, 


renal disea 


to benign much more severe 
tion and occlusion of peripheral ves- 
sels, though some look on it as quali- 
‘atively different. 

The 


( ral 


reason for the increased periph- 
ascribed by 
of the 
others, 


resistance has been 
a reduction in the size 
vascular bed of the kidnev; by 
to the retention within the circulation 
of a specific vasoconstrictor substance. 
called angiotonin or 
believed to be the 
activator (a serum 


globulin called angiotonin precursor or 


some to 


This substance, 
hypertensin, is 
result of a renin 


hypertensin precursor) upon renin 
produced or stored in the epithelium 
f the 


The precursor of the active substance 


proximal convoluted tubules ). 


presumably produced in the liver, 
is it disappears from the blood after 
hepatectomy. 

Other have demon- 
‘trated the presence of additional pow- 
rful pressor substances in blood (Bing, 
Zucker, Raska, Holtz, and others )'. 

Epinephrine, histamine, —adenylic 


investigators 


acetyl choline and choline found 
n normal animal tissue are capable, at 


id 


IN CARDIOLOGY, 
PENNSYLVANIA 


JEWISH HOSPITAL 


high dilution, of effecting changes in 
the caliber of blood vessels. Serotonin 
is a vasoconstrictor which has been iso- 
lated from beef serum’. 

The periodical discharge of adrenalin 
into the blood stream occurs in 
adenoma of the adrenal medulla or of 
outiving chromaffin tissue ( pheochro- 
mocytoma ). The high blood pressure of 
pituit: wy basophilism is probably the 
f adrenal stimulation!. 

The normal kidney contains an 
enzyme (angiotonase or hyperten- 
sinase) which inactivates the pressor 
principle, angiotonin. 

The cause of hypertension preg- 
nancy is unknown. It may be “essential 
hypertension” or it may be evidence of 
appears that essential 

predisposes pregnant 
toxemia®. Plasma from 
patients exerts anti- 
diuretic effect, increases urinary 
chlorides, and raises blood pressure 
when injected into rabbits’. 

The experiments of Goldblatt are 
well known, in which constriction of 
the renal artery produced hyper- 
tension’. 

Smithwick has described 3. factors 
(neurogenic, humoral and_ vascular ) 
which appear to affect peripheral re- 
sistance in hv perte nsive patients”. 

In this article, a new test is presented 
for the detection of vasopressor sub- 
stances in the blood serum of hyper- 
tensive patients. 


result. of 


toxemia. It 
hypertension 
women to 
eclampsia 


Meruop or DeTerMINING NorMAL Circu- 
LATION Time IN Rapsrrs?. Young white female 
rabbits are used. The animal is placed in a 
Cornell animal box, with the head protruding. 
One ce. of 10%, or preferably % cc. of 
fluorescein is injected 


rapidly 
(517) 


20% sodium 


OLS FISHBACK: NEW TEST 


FOR 
into the marginal vein of the ear. With the 
left hand another person holds a small porta 
ble ultraviolet light plus filter (kept turned 
on throughout the test) and a stop watch 
The right hand turns off the room light, e.g., 
an ordinary lamp light. The ultraviolet light 
is directed toward the rabbit’s eve, and the 
right hand is used to separate the 
evelids The 


rabbit's 
stop watch is stopped immedi 
ately 


upon noting a_ brilliant vellow color 
in the conjunctiva along the inner margin 
of the evelids. Almost simultaneously there 
is a brilliant vellow color in the iris of the 


animal 
rab- 


eve, the nostrils and the gums of the 
rhe average 
bits is 5 to 6 seconds?. 

EFFECT OF DruGS 
TIME IN 
lation 
rabbit. 
used to 


normal circulation time in 


ON CIRCULATION 
Rassits®. The normal circu- 


time was determined for each 


The 


determine 


method 
blood velocity at 
various times after intravenous admin- 
istration of drugs. In most instances, 


fluorescein Was 


cattein, coramine, metrazol, and strvch- 


VASOPRESSOR 


SUBSTANCES IN) HYPERTENSION 


nine slightly decreased circulation time 
blood while 
adrenalin, pituitrin, and to a lesser ex- 


(increased velocity ), 
tent, neosynephrine hydrochloride and 


paredrine hydrobromide, lengthened 


circulation time. 


TABLE 1 
ON THE 
RABBIT 


EFFECT OF 
CIRCULATION 


ADRENALIN 
TIME IN THE 


Time Between Dru ] 
In ect on and ¢ wreu (‘ire ula 
fron Time 


{drenalin lation Time 


ninutes seconds 
9.4 
l 1} 11.0 
l 2 150 
l 2 11 4 
8.4 
l ) 0 
5 l 0 


EFFECT OF BLOOD FROM PERSONS WITH NORMAL BLOOD PRESSURE 


ON THE CIRCULATION TIME OF THE RABBIT 


TABLE 2 

Vame Ner Color 
W 
E.S M \\ 6 
W.R M \ 8 
D. kK M \\ $2 
O.H M B 
M.D M \W 60 
B.B W 8 
JI. P W 8 
R.B M \\ 15 
W. kK M \\ 
A M W 
M 70 
I W ) 
M.D I B 20) 
E. A M \ 21 
G.R W 22 
J.E M 


Circulation Tin 

P Rabbit 

70 

120 82 
116 80 
11072 66 
182 80 
86 to 
150.90 
120 56 
126 80 18 
150 80 17.0 
100 68 6.0 
110 70 7.0 
110-80 60 
120 60 15.2 
not taken 
118,70 6 4 
106 80 5.8 
124.90 5.6 

Normotensive 

Pernicious Anemia 5.0 


Although individuals had normal blood pressures, their blood serums showed prolonged abnormal 


circulation times for the rabbit 
serum for tests 3 weeks previously; Case F 


In cases O. H. and J. R., rabbits were injected with hypertensive human 
\. had hypertensive serum 5 weeks previously 


Phere may 


be a tolerance or changed sensitivity in the rabbit as a result of repeated injections of hypertensive 


human serum (tachyphylaxis 


Indianapolis General Hospital cases: 


specimens of blood mailed to Philadelphia, courtesy Dr. kK 
G Kohlstaedt, Director, Lilly Laboratory for Clini al Researe h 


HA 


FISHBACK: NEW TEST FOR VASOPRESSOR SUBSTANCES IN) HYPERTENSION oly 


ln human beings, the opposite result nell animal box; 3 cc. of human blood 
occurs. The administration of adrenalin serum at room temperature are in- 
speeds up the circulation time. jected into the ear vein; 2 to 4 ce. 
In a white male patient, aged 50, may be used, with 2 cc. giving lower 
with bronchial asthma, the following readings. After 2 minutes, the fluor- 
observations were made: B.P. 120/72.  escein circulation time is determined. 


3 ce. 10% Mag. Sulph. intravenously. The results are given in Tables 2, 3, 4 
Circulation time 12 seconds. and 5. 

Two minutes after injection of 13 Neither warm weather nor the pas- 
minims adrenalin hypodermically, B.P. sage of several days’ time between 
184/100. withdrawal of blood from the person 


Three minutes after injection of above — and its injection into the rabbit inter- 
adrenalin, 3 cc. 10% Mag. Sulphate iv. fere with the test. 


Circulation time 7 seconds. Four specimens of blood serum were 
Fifteen minutes after injection of — sent from Indianapolis General Hos- 
adrenalin, B.P. 128/68. pital marked Code No. 1, 2, 3, 4. 
Fluorescein has also been used to Code 1. 4 cc. Serum—Circulation 
determine circulation time in humans*. — time 5.2 sec. (normal ) 
\ New For Vasopressor Code 2. 3 ce. Serum—Circulation 
STANCES IN THE BLOOv OF HyPERTENSIVE time 4.0 sec. (normal ) 
Patients. A rabbit is placed in a Cor- Code 3. 4 ce. Serum—Circulation 


TABLE 8.) EFFECT OF BENIGN HYPERTENSIVE BLOOD 


Circulation Time 


Vame Nex Color Lys Diagnosis B.P. Rabbit 
E.Z Benign Hypertension 230,100 15.8 see. 
R.M W 59 180. 100 
B. ¢ M W 60 206 134 
M W 67 210 120 
M B ‘170 98 8.6 
M. W 61 170 90 10.6 “ 
B.D M W 190 100 3.0 * 
\. kK M W 67 200 120 
DB M W 28 140 50 10.0 
J.M M W 162 90 
4. K M W 67 248 124 
A.B W 63 170 110 
W 66, 180 90 166 
L. & 72 206 140 
A. M W 64 Uremia 180 90 s * 
W 73 Benign Hypertension 170 110 8.2 “ 
W 53 160 70 10.2 
E. W 28 162 100 
H. ¢ M W $2 190,100 
W 35 230 120 20 
J. ¢ M W 210 160 3.4 


* Same patient on 3 different days — note how similar results are, even though they are normal results 
na hypertensive case 
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11.4 (abnormal). Increased 
Vasopressor substances. 
Code 4. 3. ce. 


time sec, 


Serum—Circulation 


time 13.0 sec. (abnormal). 1% ce. 
Serum—Circulation time 8.8 sec. (ab- 
normal). Increased vasopressor sub- 
stances. 

Later data were received on these 
CaseS. 

Code 1. Normal blood pressure, 
pernicious anemia 

Code 2. Normal blood pressure 

Code 3. Male, white, age 42, Malig- 


nant Hypertension. B.P. 213/155. Blood 
Urea N. 44 mg/100 ce. Urea clearance 


19% of average normal. Ophthalmo- 


VASOPRESSOR 


SUBSTANCES HYPERTENSION 
garded as normal and above 7.5 se¢ 
onds as prolonged. The presence ot 
excessive vasopressor substances in the 
blood serum of hypertensive patients 
probably causes a peripheral vasocon- 
striction in the rabbit, with a resulting 
prolonged circulation time. 

\lmost all persons with normal blood 
pressures vielded normal results 
Whether those who gave abnormal re 
sults will later develop hypertension 
remains to be seen. Further studies to 
determine if potential hypertensives 
can be so diagnosed prior to clinical 
manifestations are indicated 


Most of the cases with hypertension 


TABLE 4.— EFFECT OF MALIGNANT HYPERTENSIVE BLOOD 
( ition 7 
Name Ser Color OL Diagnosis BR P Rabbit 
\.G I W Malignant Hypertension 240 140 14 0 sec 
F.H I W 60 Uremia 240 180 
E.S I W 0) Uremia 190 140 92 
E.B 13 250 120 8.4 
| ( F 2 
Kclampsia 150 90 
Indianapolis General Hospital cases: specimens of blood mailed to Philadelphia, courtesy Dr. kK 


G. Kohlstaedt, Director, Lilly Laboratory for Clinical Research 


scopic examination reveals papilledema. 
numerous hemorrhages, exudates and 
intense vasoconstriction marked 
arteriolar sclerosis. 

Code 4. Male, white, age 52, Malig- 
nant Hypertension. B.P. 225/122. Blood 
Urea N. 54 mg/100 ce. Urea clearance 
17% of average normal. Changes in the 
optic fundi indicative of the onset of 
malignant syndrome.§ 

Comment. 


with 


Using fluorescein intra- 
venously, the average normal circula- 
tion time in rabbits is 5 to 6 seconds. 
An arbitrary dividing line between 
normal and abnormal circulation time 
in rabbits after the injection of human 
blood serum may be taken as 7.5 sec- 
onds. Below 7.5 seconds can be re- 


§I wish to thank Dr. K. G. 


for these cases 


Kohlstaedt 


Director 


especially malignant hypertension 
gave abnormal results. The few that 
cid not may have been cases of very 
benign type: in the future it might be 
of value to correlate eye ground find- 
ings, etcetera. It is of interest to note 
that in the cases of hypertension with 
uremia, slight to moderate 
prolongation of circulation time oc- 


curred. 


only a 


It would be interesting to measure 
the effect on rabbit circulation time of 
blood patient with proved 
pheochromocytoma. Corroborative  di- 
agnostic evidence might be secured if 
the time were markedly prolonged. 

Various other may pro 
long circulation time in rabbits. In one 


from a 


conditions 


Lilly Laboratory for Clinical Researcl 
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experiment ice cold blood serum pro- 
longed circulation time to 50.2 seconds, 
whereas the same serum at room tem- 
perature vielded a circulation time of 
1.6 seconds. 

If the patient has received certain 
drugs such as ergot, abnormal results 
may be obtained. Other drugs may 
cause the death of the rabbit. j 

It was intended to inject whole 
human liquid blood into a rabbit to 
note the effect on the circulation time. 
However, the rabbit may die if. ci- 
trated or heparinized blood is used. 
Tubes with 10 cc. blood and 1 ce. of 


VASOPRKESSOR 


RECEIVING 


SUBSTANCES IN) HYPERTENSION 52] 
One half cc. of oxalated blood appears 
to be too small an amount for circula- 
tion time studies. 


Summary. 1. A new test for vaso- 
pressor substances in the blood of 
hypertensive cases is presented, de- 
pending upon the injection of 3 cc. of 
human blood serum into the ear vein 
of a rabbit and the subsequent de- 
termination of the animal's circulation 
time by a fluorescein method. 

2. Less than 7.5 seconds circulation 
time is judged to be normal; longer 
than that, abnormal. 


CERTAIN DRUGS ON RABBIT 


CIRCULATION TIME 


PABLE 5.—EFFECT OF PATIENT 
21 164.80 110 70 
24 170 50 120 80 
30 150 90 124 80 
| 1S 200 100 


| sodium citrate in normal saline were 
prepared. Four cc. of blood from these 
were injected into each of 3 rabbits. 
Within a few minutes, 2 rabbits died; 
| animal became very sick but recov- 
ered. Four cc. of blood containing 3 
lrops of heparin were injected into 1] 
rabbit; the animal died within a few 
ninutes. Another rabbit received 3 ce. 
f blood containing 1 drop of heparin, 
ind no ill effects were observed. Two 
abbits received 0.5 ce. of oxalated 
ood without any apparent ill effect, 
ut since oxalated blood is probably 
xic, larger quantities were not given. 


Cause for Drug Circulation 
hospitalization Received Time 
Obstetric Ergotrate $1 2 sec. 
delivery 1 320 gr. 

T. 1. D. 4 da. 
Obstetric Ergotrate 55.8 sec. 
delivery 1/320 gr. 

T. 1. D. 5 da. 


1 min. 13.2 


sec. 


Pituitrin and 
ergotrate 


Obstetric 
delivery 


2 cc. blood 
serum in- 
jected 55.4 
rabbit 


20 ce. chloral 
hydrate 


sec. 


died 


3. Serum from hypertensive patients 
usually prolonged circulation time in 
the rabbit. 

4. The increased circulation time was 
probably caused by the presence of 
excessive vasopressor substances in the 
blood serum from hypertensives. 

5. Further studies are indicated to 
evaluate the test in diagnosis of pre- 
hypertension, benign hypertension, 
malignant hypertension, pheochromo- 
cytoma, prior to and after dorso- 
lumbar sympathectomy for hyperten- 
sion, and in the diagnosis of early 
eclampsia. 


hese studies were supported by a grant from the Jewish Hospital of Philadelphia Research 
unds. I wish to thank Mrs. Gertrude Freedman, M.T., technician, for her valuable assistance, 
ud Dr. and Mrs. Hugh Montgomery, for aid in editing this manuscript. 
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Portable Ultraviolet Lamp, with Wood's Filter, used most of the time, was a Model H 
Mineralight, weight 3 0z. The bulb is a short wave (2537 A.U.) ultraviolet lamp 

Another lamp used was a Spot Quartz lamp, with Wood's Filter, which is a mercury quartz 
low-temperature lamp, weight 54 02. Its ultraviolet emission is almost completely (95%) in 
spectral band at 2540 Angstrom Units (A.U 
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lr is generally accepted that there 
is an association between hypertension, 
cardiac hypertrophy nephroscle- 
rosis, and one might therefore expect 
that a history of hypertension as well 
as ani sake findings of cardiac hy per- 
trophy and arteriolar nephrosc ‘lerosis 
be found together in 
However. 


would, as a rule, 
patients coming to autopsy. 
with pathologic material 
the all 

factors is not the rule but the excep- 
Therefore, the numerical relation- 
ship of these factors together and 

ombination was studied in a large 
wutopsy in order to define the 
ases in which this coincidence is pres- 


experience 
suggests that coexistence of 


tion. 


series 
nt or absent. 

The literature on the rela- 
tionship among the 3 factors, arteriolar 
cardiac hvpe rtrophy 
nd hypertension, points out that ne ph- 
osclerosis may result in hypertension*® 
and nephrosclerosis 
cardiac hypertrophy* 
lvocarditis is also accepted as a cause 
f cardiac 
hypertrophy appears to be 
lated to the severity rather than to 
ie duration of the hypertension". 
he reason for cardiac hypertrophy 


extensive 


1e phrose ‘lerosis. 


hy pertension 


Cause 


ardiac 


Residents in Medicine, 


° At present, 


under such conditions has been widely 
discussed and is associated with myo- 
cardial fibrosis and, or, coronary scle- 
rosist 

Material. The data utilized in this study 
were obtained from the autopsy protocols of 
10,882 patients of Cook County Hospital 
from 1930 to 1939 inclusive. Of this group, 
all instances were selected in which one or 
more of the following 3 findings were re- 
corded: 

a. Blood pressure greater than 150/90. 
blood pressure of 150/90 was taken to be 
the maximal normal value!7. 


bh. Heart weight above 500 gm. (later 
designated as Group A) or above 350 gm. 
(later designated as Group B). The heart 


weight is usually regarded as the best index 
of cardiac hypertrophy’. The weight regarded 


as definitely excessive cannot be clearly 
defined since it depends upon the size of 
the person, the sex, and also on the size of 


the portion of great vessels which may be 
left attached to the heart at the weighing. 
In the literature, a maximal heart weight 
of 364 gm. for males and 295 gm. for 
females has been recorded? with an average 


of 300 gm. for males and 250 gm. for 
females!5. For a unified analysis, it was 
decided to consider hearts over 500 gm. 


(Group A) as definitely in the pathologic 
range, and hearts over 350 gm. (Group B) as 
possibly excessive. 

c. Arteriolar nephrosclerosis as evidenced 
by standard gross and microscopic criteria. 
Changes resulting from arteriosclerosis with- 
out arteriolar involvement were not included. 


Veteran's Administration Hospital, Hines, Ilinois. 
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In this analysis all instances in which 
cardiac hypertrophy could have been attribu- 
ted to pulmonary, valvular, myocarditic, peri- 
carditic, hematologic alterations, or congenital 
abnormalities, excluded. Instances of 
recent cerebral trauma, brain tumors, 
meningitis, and acute or chronic inflammatory 
renal disease were also omitted. Hearts with 
coronary included 
latter is known to be often combined with 
hypertension. This may represent a source of 
error in view of the known enlargement of 
the heart due to coronary 
12,15 


were 


sclerosis were since the 


sclerosis alone®.? 


Of the total number of autopsies sur- 
1940 were found to be 
for inclusion into Group A, and 


veved, satisfactory 


2228 into 


rABLE 1 


OSTERMAN: 


they found in about 
equal percentage, 34.9% in Group A 
and 34.4% in Group B. When only | 
of the 3 factors was recorded they 
totaled 42.5% in Group A 32.3% 
in Group B (Table 1). 

If the higher limit of heart weight 
is accepted, nephrosclerosis and hy per- 


recorded were 


and 


tension appeared alone in about one- 
fifth of the cases. Cardiac hypertrophy 
to this, if 
the lower limit is accepted, cardiac 


alone was rare. In contrast 


hypertrophy alone was found in about 


PERCENTAGE INCIDENCE OF THE VARIOUS COMBINATIONS INO WHICH 
CARDIAC HYPERTROPHY, NEPHROSCLEROSIS, 


AND HYPERTENSION WERE FOUND 


IN THE AUTOPSY MATERIAL STUDIED 
. Peres nlage Distribut 
Combination of I actors 
Studied fhore 500 qm th 
Cardiac hypertrophy, 
nephrosclerosis, and 
hypertension 21.7 6 
Cardiac hypertrophy 
and hypertension 6.5 Lo 
Cardiac hypertrophy 
and nephrosclerosis 11}34.9 
Iyvpertension ane 
Cardiac hypertrophy > 4 17.9 
Nephrosclerosis 21.1 8.7 32 
Hypertension i7.3 
Total No. of Cases 1940 2298 


Group B. A second source of error may result 
from the tabulation of a blood pressure below 
150/90 at the time of admission or before 
death secondary to terminal cardiac failure 


Results. If 500 gm. (Group A) was 
taken as the lower limit of a hyper- 
trophied heart, hypertension, cardiac 
hypertrophy, and nephrosclerosis were 
found in only one-fifth of the cases. If 
350 gm. (Group B) was taken as the 


lower _ limit, hypertension, cardiac 


hypertrophy, and nephrosclerosis was 
found in one-third of the cases (Table 1). 
It combinations of only 2 factors were 


one-fifth of the cases, whereas nephro 
sclerosis and hypertension were rela 
tively rare (Table 1). 

If blood pressure findings were dis 
regarded, it was found that with the 
higher weight limit (Group A) mor 
than one-half of the cases had nephro 
sclerosis alone and one-third had ca 
diac hypertrophy with nephrosclerosis 
while only 13.2% revealed cardiac hy 
pertrophy alone (Fig. 1). If the lowe 
limit of cardiac hypertrophy is a 
cepted (Group B) 
trophy alone becomes fairly commo 


cardiac hy per 


NEPHROSCLEROSIS AND ¢ 


and almost half of the cases revealed 
hypertrophy and nephro- 
sclerosis, whereas ne phrosclerosis alone 
rarely recorded (Fig. 1). If, on 
the other hand, the nephrosclerosis was 
Group A, hypertension 


cardiac 
was only 


disregarded 


was found alone one-half of 
the cases, hype rtrophy alone in only 
12% of the cases, while hypertension 
HEART WEIGHT ABOVE 
500 GRAMS 
HYPERTROPHY 
13.2% 
i 
i 
HYPERTROPHY WITH 
-NEPHROSCLEROSIS 
31.6% 
NEPHROSCLEROSIS \ 
55.1% 
DISREGARDING 
HYPERTROPHY 3 
12.18 


HYPERTROPHY WITH 
HYPERTENSION 


525 


ARDIAC HYPERTROPHY 


with hypertrophy was seen in 35.8% of 
the cases. If the lower limit is accepted 
(Group B), these relations were rad- 
ically changed in that hype rtrophy was 
found associated with hy pertension in 
one-half of the cases and hypertrophy 
alone in one-third. If one discounts the 
cardiac weight in this series, 64% of the 
cases had both nephrosclerosis and hy- 


FEART WEIGHT ABOVE 
350 GRAYS 


LZ 

L: 
[- 
| 
7. 
\ 
HYPERTROPHY 
NEPHROSCLEROSIS 

48.7% 

CLEROSIS 
15.5% 


HYPERTENSION 


NYPERTERSE 4 


HYPERTROPHY —— HYPERTROPHY WITH 
33.0% — HYPERTENSION 
—— 50.0% 


DISREGARDING NEPHROSCLEROSIS 


Coincidence of hypertension, nephrosclerosis, and cardiac hypertrophy when either hyper- 
tension or ne phrose ‘lerosis is excluded from consideration. 


FSS 
ve ° * 
PORES 
HYPERTENSION 
sae 
52.0% 
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pertension and 36% had nephrosclerosis 
without hypertension. 

In an attempt to correlate the find- 
ings with age and sex, it was found 
that at the time of death in all groups 
the males were on the average 5 years 
older than the females. Negroes, rep- 
resenting one-third of the material, were 
3 to 10 years younger than the whites. 

Cardiac failure was the cause of 
death in 65% of the patients who had 
cardiac hypertrophy and __ nephro- 
sclerosis without hypertension. In the 
group which had hypertension alone, 
12% died as a result of a cerebro-vas- 
cular accident, 50% died of other 
causes, and 7% died in cardiac failure. 
No specific relationship was found in 
the cases which had cardiac hyper- 
trophy or nephrosclerosis alone. 

Discussion. The main observation of 
this study is the relatively small num- 
ber of cases in the autopsy records in 
which cardiac hypertrophy, arteriolar 
nephrosclerosis, and hypertension coin- 
cided. If the diagnosis of cardiac hyper- 
trophy is based on the stricter criteria 
adopted, the coincidence of these 3 fac- 
tors occurs only in slightly more than 
one-fifth of the cases, and rises to 
almost one-third if a heart weight of 
over 350 gm. is taken to indicate hyper- 
trophy. Possibly a similar lack of co- 
incidence is not necessarily true to the 
same degree during life, since some 
of the blood pressure values obtained 
on admission of the patient to the hos- 
pital, occasionally shortly before his 
death, may have been lowered sec- 
ondary to cardiac failure. It is recog- 
nized, however, that this factor 
explains only a limited number of 
cases. In the group in which cardiac 
hypertrophy and nephrosclerosis were 
found, without elevation of the blood 
pressure above 150/90, death from 
congestive heart failure was observed 
in two-thirds of the cases. 
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Consideration of the 2 levels ot heart 
weight appeared justified by the re- 
sults obtained. It permits the conclu- 
sion that the real incidence of cardiac 
hypertrophy lies between the 2 groups 
defined by the criteria used depending 
on other factors such as the total weight 
of the patient which was not available 
for consideration in this study. How- 
ever, it should be pointed out. that 
whatever borderline is applied, in- 
creased weight of the heart in the 
absence of either nephrosclerosis. o1 
recorded hypertension was found in a 
significant number of cases, 5% in 
Group A, and 18% in Group B. 

Summary. In the autopsy material 
studied consisting of over 4168 cases 
in which at least 1 of the 3 factors 
cardiac hypertrophy, arteriolar nephro- 
( before 


sclerosis and hypertension 


death) was recorded, coincidence of 


all 3 was found in 21.7% of the cases 
with heart weight above 500 gm., and 
in 32.6% of the cases with a_ heart 
weight greater than 350 gm. Only part 
of this relatively low incidence of simul 
taneous occurrence of these 3 factors 
can be explained by a terminal drop 
in the blood pressure secondary to 
cardiac failure or peripheral vasculai 
collapse. The numerical degree of the 
coincidence of the various factors is 
recorded. It is especially pointed out 
that cardiac hypertrophy may be 
found at autopsy in the absence ot 
hypertension, nephrosclerosis, valvular 
myocarditic or pulmonary lesions and 


congenital anomalies. 


Conclusions. |. The coexistence of 
cardiac hypertrophy, hypertension and 
arteriolar nephrosclerosis is the excep 
tion rather than the rule. 

2. That cardiac hypertrophy occurs 
in the absence of hypertension and 


arteriolar nephrosclerosis is confirmed 
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THROMBOCYTOPENIC PURPURA: THE PROGNOSTIC AND 
THERAPEUTIC VALUE OF THE EOSINOPHIL 
INDEX, AN ANALYSIS OF 100 CASES® 
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From the Hematology Laboratory and the Hektoen Institute for Medical Research of the 
Cook County Hospital 
Tue pathogenesis of “primary” sake of brevity we have come to use 


thrombocytope nic purpura is almost as 
obscure today as when the disease 


was 
first recognized as an entity. Since 
Kaznelson’s recognition’ of the part 


played by the spleen, splenectomy has 
become established as the treatment of 
choice. With the definition of the 
“secondary” thrombocytopenias (those 
due either to replacement or destruc- 
tion of the marrow) there evolved ; 

more precise limitation of, 
tion for, splenectomy. 
to marrow 


and indica- 
The ready access 
in vivo has made the dif- 
ferentiation of prim: arv and secondary 
thromboc ‘vtope nias much easier, but 
has been little utilize d to further sub- 
divide the “primary” types for either 
diagnostic or prognostic purposes. 

In a previous report® it was suggested 
that a significant correlation existed be- 
tween the number of eosinophils in the 
marrow and the clinical course of the 
patient. In the 30 cases reported it was 
shown that large numbers of eosinophils 
were indicative of a favorable prog- 
nosis and probably a spontaneous re- 
covery, whereas normal or decreased 
numbers of eosinophils implied an un- 
favorable course and the necessity for 
splenectomy. Because of these findings 
it was thought that primary thrombo- 
cytopenias could be further subdivided 
into medical and surgical tvpes. For the 

* Aided by 
( 528 ) 


a grant from the Wilson 


Laboratories, 


the term Eosinophil Index in speaking 
of the relative numbers of eosinophils 
found in the marrow. 

Seventy additional cases of primary 
thrombocytope nic purpura have been 
studied since the previous publication 
The impressions gained from the orig 
inal 30 had, therefore, ampl 
opportunity for confirmation or denial 
Some of the views prey iously expresse cl 
have had to be modified, but the prin 
ciples laid down have not been altered 
Both series were combined for the pres 
ent study 


Cases 


enabling us to analvze 100 


Cases, 
Material and Methods. present seri¢ 
consists of 100 cases of thrombocytopeni: 


purpura. Marked platelet reduction, delav 


clot retraction, prolonged bleeding — time 
petechiae, ecchymoses, and increased capil 
lary fragility characterized all cases. The ag 


20 months and 90 vears (Tabk 


The duration of svmptoms varied from 


extremes were 


dav to 20 vears (Table 2). The racial an 
sex distribution is shown in Table 3 
Marrow preparations were made by dire: 


smearing and were stained with May-Grur 
wald-Giemsa stains in every case. 

The Eosinophil Index is determined by 
lating the number of eosinophils to the nu 
ber of neutrophils at the metamyelocyte stag 
or later. This method obviates the 
of correcting for lymphocytosis (in childret 
or erythroid proliferation (secondary to ble« 


ing). Further 


necessit 


is that cells derive 
from the same root are being compared at 


advantage 


Chicago, Ilinois 
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stage when specific granulation makes dif- 
ferentiation definite. In the normal marrow 
the Eosinophil Index, ie., the number of 


eosinophils (at the metamyelocyte stage or 
later) per 1000 granulocytes (metamyelocytes 
wr older) is less than 50. In the first series of 
ases the borderline between a high and low 
Eosinophil Index was approximately this 
level. For these reasons we have come 


Sallie 


to use 50 as the dividing point. An Eosinophil 


THROMBOCYTOPENKL 
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Index of more than 50 is said to be “high” 
and less than 50 “low.” The Eosinophil Index 
was determined independently by 2 persons, 
each counting at least 1000 granulocytes. 

Analysis of Cases. On the basis of 
the Eosinophil Index the cases were 
divided into high and low subgroups. 
These were further subdivided accord- 
ing to their course (Table 4). 


TABLE 1 DISTRIBUTION OF CASES WITH LOW AND HIGH EOSINOPHIL INDICES 
DIVIDED INTO AGE GROUPS. OF INTEREST IS THE MUCH GREATER INCIDENCE 
OF A “HIGH” EOSINOPHIL INDEX IN THE FIRST DECADE 
fye in years 6-10 11-20 P1-30 SIGO 61-70 

Eosinophil (High 10 6 15 16 5 
Index 
Low 5 13 2 2 | 
PABLE 2. DURATION OF SYMPTOMS. NO DEMONSTRABLE DIFFERENCE IN THE 
2 TYPES OF PURPURA 
Duration of 1-6 1-2 1-3 1-4 10° 10-20 
Symptoms days weeks weeks months months months years years years 
ko nophil High 10 8 18 11 + 5 7 2 2 
Indes 
Law 6 6 2 2 
TABLE 8.) RELATIVE INCIDENCE OF 
THROMBOCYTOPENIA IN) THE SEXES 
AND RACES, SHOWING NO SIGNIFICANT 
RELATIONSHIP TO THE EOSINOPHIL 
INDEX 
Male Female White Negro 
Eosinophil High 24 53 12 
Index 
Low 11 24 26 9 


\BLE 4.) FINAL OUTCOME OF THE CASES. MOST STRIKING DIFFERENCES ARE 
) BE FOUND BY COMPARING SPONTANEOUS RECOVERY AND DEATH RATES IN 
THE HIGH AND LOW GROUPS 


Splenectomy 


Spon- Non- 
Number taneous Un- splenectomy Chronic Dis- 
of cases Recovery Successful improved Died Deaths Purpura appeared 
nophil { High 65 29 25 l 0 6 1 3 
nile r 
Low 85 8 2 8 1 1 
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\. Spontaneous recovery. This group 
encompasses those 37 cases which had 
a lasting rise of platelets to normal 
levels, with disappearance of clinical 
symptoms, due to, coincidental with, or 
in spite of conservative management. 
Of these 37 29 had high and 8 
low eosinophil indices and represented 
15% of the former against 23% of the 
latter group. 

B. Splenectomy. 
performed in 


Cases, 


Splenectomy was 
26 times in the 
high Eosinophil Index group and 18 
times in the low. In the former, 96% re- 
sulted in permanent cure and only | 
case was unimproved. (It should be 
noted that this case was on the border- 
line, the index on 2 occasions being 50 
and 51.) There no deaths in this 
group of splenectomized cases. In the 
low index group only 44% of the pa- 


$4 cases, 


were 


tients splenectomized were cured and 
an additional 12% but 
unimproved, Forty-four percent died in 
spite of splenectomy. 

C. Non-splenectomy deaths: 
were 


survived, were 


There 
13 deaths before surgical inter- 
vention could justifiably be attempted. 
Six of these occurred in the high index 
group (9%) and 7 in the low 
(20%). The cause of death in 
instance was intracranial bleeding. 

D. Chronic Purpuras: One case of 
chronic purpura 
category. 


group 
each 


encountered in 
Both refused splenec- 
and remained unchanged while 
under conservative the Tapy. 

E. Disappeared from “observation: 
Four cases were followed for insuffi- 
cient lengths of time to merit classifi- 
cation. 

Discussion. 
diagnosis is 


was 
each 
tomy 


The purpose of precise 
the achievement of ac- 
curate prognosis and correct therapv. 
In “primary” thrombocytopenic 
pura splenectomy 
treatment of 
splenectomy, 
rate still 


pur- 
become the 
Even with 
the mortality 
between and 
condition in which 


has 
choice. 

however. 

varies 


307. Why, in a 


THROMBOCYTOPEN 


PURPURA 


spontaneous recoveries are not uncom- 


mon, where some patients experience 


chronic, relatively benign courses for 
long periods of time, and where splen- 
ectomy is supposedly curative, the mor- 
tality rate 
a question which has intrigued hema- 


alike. 


10 years we 


should be so high, has been 


tologists and surgeons 
During the 
been 


have 
thrombo- 


past 
dividing 

tope nic 
E /osinophil Index. 


primary 
purpuras, according = the 
This method of di- 
that there 


1 group of patients (high index) for 


vision has revealed 


rate 
Should splen 
performed in this group 


whom the spontaneous recovery 
is approximately 50%. 
ectomy be 
of extensive bleeding o1 
almost all of 


cured. 


either because 
too protracted course, 
the patients will be In sharp 
contrast is a second group of patients 
is character 


(low index ) whose course 


ized by a low 
rate 


with immediate splenectomy. 


spontaneous recovery 


and a formidable mortality, even 


Because 
these group characteristics have r 
mained constant and reliable in a large 


considerabl 


series of cases over a 

length of time, we maintain that th 
term “primary” thrombocytopenic pu 
pura is not sufficiently definitive and 
must be sub-classified in the search for 
more correct therapy and more ac 
curate prognosis. 


On the basis of early experience, we 
thought that a high Eosinophil Inde 
represented stat 
to some offending agent o 


hypersensitivity 
secondary 
agents whose removal would break th 


pathogenetic mechanism. That this ca 


occur is illustrated in Fig. 1. In mos 
patients, however, the etiologic age 
was not discovered even though th 


clinical and the marrow wet 
identical with those of patients whos 


etiologic 


course 
mechanisms were uncovere 
The eosinophilia remained as the so 
common denominator. 

In patients with a high Eosinop! 
Index return of platelets to norm 
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levels was usually noted in periods 
ranging tew days to a few 
however, no 
seen in several 
months. Splenectomy is the treatment 
of choice in these patients despite the 
fact that hypersensitivity may be sus- 
pected as causing the —thrombo- 
cytopenia. The observation period and 
the decision as to the type of therapy 
must be further modified in the pres- 
ence of severe bleeding or “malignant” 
purpura.® It is significant that we have 
never Observed a relapse once spon- 


Why these 


trom a 


weeks. In several cases, 


improvement Was 


taneous recovery occurred. 


Platelets 
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spontaneous recovery, the high  inci- 
dence of malignant purpura, the high 
mortality rate, and the frequent failure 
of splenectomy seem to support this 
thesis. 

It is interesting to note that pediatri- 
cians fear primary thrombocytopenic 
purpura much. less than do those accus- 
tomed to seeing the disease in adults. 
Of 29 children (less than 16 years of 
age) in this series, 23 (79%) fell mn 
the high index group, and only 6 (21% 
into the low. Furthermore, (Tables 5 
and 6) marrow eosinophilia, spontan- 
eous recovery and surgical cure occur 


700,00¢ 
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i 2 5 4 5 6 
Weeks 
3 Platelet 


values in a 


case of thrombocytopenic purpura with a 


9 - 10 u 2 


“high” Eosinophil 


idex. The influence of the addition and withdrawal of various foods on the platelet level is 
strikingly illustrated by this patient. 


atients do not relapse remains an in- 
pletely answered question. What- 
er the precise mechanism may be, in 

high index group it seems to be 
iediated through the spleen, as sug- 


sted by the uniformly — beneficial 
tect of sple nectomy. 
Patients having primary thrombo- 


topenic purpura accompanied by a 
w Eosinophil Index seem to differ 
ndamentally from those in the pre- 
ding group. The lower incidence of 


* Characterized by fulminating onset, 
P spontaneous subcutaneous hemorrhages. 


extensive 


TABLE 5. -HIGH EOSINOPHIL INDEX IS 
MUCH MORE PREVALENT IN’ EARLY 
LIFE, THOUGH NOT LIMITED TO_ IT. 


NO SUCH PREVALENCE IS SEEN IN THE 
GROUP EXHIBITING A LOW 
EOSINOPHIL INDEX 


Under age Over age 


of 30 of 30 

Eosinophil | High 47 18 
Index 

Low 15 20 


mucous membrane bleeding, and large 


and milk products added 
ect 
anys and aided 
Ap Ph. and soy bea 
~ 
000 
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more trequently in children and young 


adults than in the later decades. {hese 
findings agree with Elliott's observa- 
tions on relation of age to 
prognosis. His figures were based on 
cases of miscellaneous thrombo- 
cytopenic purpuras and did in- 


clude references to marrow eosinophils. 
Of prime practical importance is the 
fact that the marrow eosinophilia is not 
mirrored in the peripheral blood. In 
only one instance was there a_ signifi- 
cant peripheral eosinophilia (13%). The 
reason for this is not vet apparent. 
Demonstrable splenomegaly was the 
exception rather than the rule in our 
the spleen being palpable 
12 cases. This figure 


series, in 


only contrasts 


THROMBOCYTOPEN IL 
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the 
these 


without splenectomy. However, 


series are not comparable, 


authors eliminated the 


aS 


trom analysis 


all those patients with a history, ot 
allergy or the taking of drugs. Not- 
withstanding this, they state: “we do 


not accept the thesis that eosinophil 


increase in the bone marrow is always 


indicative of sensitivity to exogenous 
food, drugs or other factors.” It is con- 
ceivable that other agents, too, may 


produce factors 
completely unrelated to the presenting 
thrombocytopenia and, 


marrow eosinophilia, 
therefore, we 
agree that there is not always a cause 
and effect relationship. The problem 
of whether a particular pa- 
tient’s thrombocytopenia has a hyper 


deciding 


strikingly with the statements in some — sensitivity basis mav be difficult. lad 
textbooks indicating that one-third ison’s experience® substantiates 
TABLE ¢ ULTIMATE RESULTS IN RELATION TO AGE GROUPS, SHOWING A 
BETTER PROGNOSIS FOR THE YOUNGER PATIENT 
Spontaneous Cured by 
Recore a] S ple nectomy Deaths Unim proved Chroni dD ppear 
nder age 
of 30 25 93 G ’ ] 
Over age 
of 30 12 10 15 ] ! 


the patients with primary thrombocyto- 
penic purpura may be found to have 
demonstrable splenomeg: ily®. In our ex- 
perience, the finding of a large spleen 
suggests a disease other than primary 
thrombocytopenia. Hertzog* found the 
average weight of 20 spleens from pa- 
tients with primary thrombocytopenic 
purpura ( pi itients over 20 vears of age ) 
to be 232 gm., while Pemberton®, in a 
series of 57 cases found the average 
weight to be 201 gm. 

Recently Diggs and Hewlett! re- 
viewed 36 cases of thrombocytopenic 
purpura with special reference to the 
marrow findings. In their article they 
state that: “No correlation was found 
between the eosinophil counts and the 
deaths, recurrences or with 


cures or 


observations that thrombocytope nia on 


an allergic basis is not unusual. He 
states: “with advances in the techniqui 
of allergic studies, . it is likely that 


fall into the allergic 
category and to respond favorably t 
that method of therapeutic approach 
Pohle and Cohen™ have added further 
proof by specifically demonstrating 
fall in the platelet level 
dividuals the 
test foods. 

Finally, reference 
the group of cases with a_ lov 
Eosinophil Index in which there wa 
spontaneous recovery. These emphasiz: 
the comment made in the previo 
publication’ “that the findings he: 
reported do not represent either 


more cases will 


in allergic in 


following ingestion 0 


must be made 
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fool-proot numerical prognostic system 
or a ready substitute tor sound clinical 
judgment. Nonetheless, certain def- 
inite correlations are apparent, correla- 
tions which should add another tool to 
help make prognosis more certain and 
treatment rational.” 

Summary. 1. One hundred cases of 
“primary” thrombocytope nic purpura 
are analyzed in an atte mpt to correlate 
the Eosinophil Index with prognosis. 

2. On the 


Index. 


more 


basis of the Eosinophil 
“primary” thrombocytopenic 
purpura is divisible into 2 


with a 


groups: 4d, 
“high” Eosinophil Index 
numbers of 


hose 
i.e., increased marrow 
eosinophils ), and b, Those with a “low” 
Eosinophil Index (i.e., no increase in 
inarrow eosinophils ). 

3. Significant prognostic differences 
are noted between the 2 groups. 

1, Of 65 patients with a_ high 
Eosinophil Index, 54 (83%) were cured 


1. Diggs, L. W., and Hewlett, J. S.: 
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and, more 
none of 


(45% spontaneously ), 
nificant prognostically, 


sig- 
the 
splenectomized patients died; whereas 
of 35 patients with a low Eosinophil 


Index, 16 (46%) were cured (23% 
spontaneously ) and, most significant 
prognostically, 8 (44%) of the splen- 
ectomized patients died of their disease 
despite surgery. The total deaths in 
this series was 9% of the patients with a 
high Eosinophil Index and 43% of the 
patients with a low index, for an over- 
all mortality of 21%. 

Conclusions. 1. With a high Eosino- 
phil Index there is a marked tendency 
for spontaneous recovery, practically 
certain cure by splenectomy, and _ in- 
significant ope rative mortality. 

2. With a low Eosinophil Index, 
there is but slight tendency for spon- 
taneous recovery, splenectomy is 
therapeutically unreliable, and both 
the operative and over-all mortality are 
high. 
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KNiseELy' has described as “blood 
sludge”, intravascular precipitation and 
agglutination of red blood cells in fatal 
malaria and other ominous pathological 
conditions. The inference 
made that such intravascular clumping 
of red cells occurs as a part of a 


has been 


morbid mechanism, that its presence 
and that it 
as a prelude to tissue damage. It is 


indicates disease occurs 


the purpose of this communication to 
explore the validity of this inference 
by observations on a variety of human 
subjects. 


Method. Repeated day to day observations 
were made on a group ot 35 patients with 
issorted diseases, including carcinoma, acute 
myocardial infarction, hypertension, pneu- 
monia, pulmonary embolism and acute rheu- 
matic fever. Also 5 apparently normal healthy 
subjects were examined for sludging daily for 
10 months. All 5 (3 males and 2 females) 
active members of the hospital staff 
and were free of significant body complaints 
or known systemic illness. The arterial blood 


Vere 


pressure was determined by a sphygmomano- 
cuff at the time of and 
records were kept of the occurrence of head 
colds, and minor bodily symptoms among 
these subjects and later correlated with the 
sludging. Also a diary of 
events in the day to day life situation was 


meter observation 


observations on 


Medical College 


recorded with data on prevailing mood, atti 
tudes, emotions and feeling states 

standard 
similar to 


binocular dissecting 
microscope that 
Knisely’s report was used to make direct ob 
blood flow in the 


conjunctival vessels of these human subjects 


American 
illustrated in 


servations of the scleral and 


A clear view was thus obtained at x30 mag 
back- 


ground. Empty vessel walls and white cells 


nification against the white scleral 


could not be identified at this magnification 


The capillaries, venules and arterioles wer 


visible only if they contained blood 


Results. Under circumstances of 
“normal flow” the vessels appeared to 
be of homogeneous red color. Single 
red_ cells were not distinguishable. 
Even in capillaries no particulate mat- 
ter was The 
blood sludging were identified as: | 


Streaming, 


seen. various stages of 
appearance of rapidly 
and evenly flowing particulate matter 
and granules along the course of the 
vessel in which clumps or individual 
red cells were not distinguishable; 2 
Sludging, 
of red 
flowed slowly, intermittently or not at 


i.e., distinguishable clumps 
cells of varving size which 
all. These red cell aggregates wer 
separated by varying amounts of clea 
plasma. 


* Aided by grants from the Commonwealth Fund and the Estate of Lester N. Hofheimer 

+ This and the following article, which reached us on the same day, are so mutuall 
confirmatory that together they seem to us to present compelling views on the subject. S 
also Am. J. Med. Sci., 219, 249, 1950, for a recent article by Knisely. [Ed.] 
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BLOOD “SLUDGE” 

Among the group of patients with 
various diseases there was observed 
in the same individuals wide daily 
fluctuations in the presence and degree 
of sludging. No consistent correlation 
was established between sludging and 
the clinical state of the individual 
regards symptoms, fever, blood counts 
or changes in sedimentation rate of 
the red cells. In some, sludging was 
never seen while in others sludging 
was typical only in the convalescent 
stage of their illness. When sludging 
was observed it was frequently not 
widespread. It was seen to occur oc- 
casionally in only 1 or 2 vessels, or 
occasionally in as many as 90% of the 
vessels accessible to view. There was 
very much variation in the same sub- 
ject from day to day. Typical observa- 
tions are illustrated in Table 

In the long term observations in 
normal subjects, great variation in 
sludging was also recognized. Marked 
and generalized sludging was repeat- 
edly observed in 4 of the 5 subjects. In 
the fifth only localized sludge in a 
small fraction of the vessels was ever 
noted. These subjects displayed the 
same degree and variability of the 
sludging phenomenon as was seen in 
the group of patients. Often no sludg- 
ing was seen in any of the vessels. 
\s among. the patients, it was re- 
peatedly observed that large particles 
ind marked stasis of flow occurred 
in a few vessels while the remainder 
f the vascular bed appeared normal. 
The red cell aggregates were not 
onsistently associated with furuncles, 
iasopharvngitis, fever, fluctuations in 
ood pressure, with variations in life 
situations and emotional state of the 
ubjects, or with menses. 

Stasis at the bifurcations of vessels 
vas often observed, but no vessel 
pasm or constriction was visible at 
hese points. The column of clumps 
eparated by plasma often halted and 
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then moved on again as a clump moved 
into a larger stream. In 2 of the healthy 
subjects, ‘segments of vessels contain- 
ing packed and stationary clumps were 
repeatedly observed to remain for as 
long as 3 days. Thereafter, the “pseudo- 
thrombus” disappeared, leaving no 
visible trace. 

Local Vasodilatation and Sludge. The 
only consistent association observed 
was that between the degree of sludge 
and the degree of local vasodilatation 
in the conjunctiva. At times when many 
vessels of all sizes were widely visible 
in the same person, there was more 
hesitant slow flow of the clumps than 
when the width and number of vessels 
was reduced. This finding suggested an 
alternate interpretation that sludging 
was a phenomenon of reduced velocity 
of the stream or of reduced centrifugal 
force from increased volume of the 
capillary bed. Thus the occurrence of 
sludging would appear to be due to 
the slowing of blood flow rather than 
the cause of the slowing. 

In order to explore further this pos- 
sibility 8 patients with marked gen- 
eralized sludging were given 2 drops 
of a 10% ophthalmic neo-synephrine 
solution in one eve. C ontinuous obser- 
vations were then made during the 
ensuing rapid vasoconstriction. Arte- 
rioles and venules promptly narrowed 
and many capillaries disappeared en- 
tirely within 20 to 30 minutes. With 
vasoconstriction the clumps of sludging 
disappeared in the eyes of 6 subjects 
and in the other 2 it was greatly dimin- 
ished so that only fine particles could 
be seen in the larger vessels. Spurt- 
ing fluid columns were evident in 
arterioles. In all 8 the opposite un- 
treated control eve showed no change 
in the amount or degree of sludge. 

Five subjects without visible sludg- 
ing were given flushing subcutaneous 
doses of 1.0 mg. of histamine phos- 
phate. Within 10 minutes there was 
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evident the 


with associated widespread 


sludging. These changes observed fol- 


vasodilatation — of con- 


junctivae 


lowing either local neo-synephrine or 
histamine subsided within | or 2 hours. 


Conclusion. On the basis of dav to 
day studies of normal subjects and 
patients with a variety of disease states 
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and of with vasomotor 
drugs, it is suggested that blood sludg- 
ing in the conjunctivae is the result 
of an increase in the volume of the 
local vascular beds and a decrease in 
the velocity of blood flow. Moreover, 
it is evident that widespread sludging 
in the conjunctival vessels is compat- 
ible with good health and well being. 


observations 
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A CLINCAL EVALUATION OF THE 


BLOOD “SLUDGE” PHENOMENON 


By JouN S. M.D. 


AND 


Mayo Woo, M.D. 


MILWAUKEE, 


From the Department of Medicine, Marquette University School of 


THI 
ing’ has received considerable atten- 
tion during the last 6 vears, Knisely*:!" 


phenomenon of blood “sludg- 


and his associates especially having 
emphasized through their 
picture demonstrations 


exhibits, 
and 
publications in the lay and _ scientific 
press, the role which they believe the 
phenomenon plays in physiology and 


motion 


pathology. It is our purpose to demon- 
strate that blood sludging is essentially 
a reversible intravascular agglutination 
or clumping phenomenon caused by 
the same factors which are responsible 
for a rapid blood sedimentation rate, 
namely the increased rouleaux forming 


tendency blood 


; which develops in 
there changes in 
plasma proteins and other blood con- 
stituents. 


when are certain 


Intravascular sludging has been de- 
scribed in the past under other names. 
The excellent Fahraeus!” 
and the more recent review by Knisely 
and associates” emphasize the wealth 
of knowledge regarding the phenom- 
enon which has accumulated during 
the preceding The phe- 
nomenon commonly occurs in man and 
other mammals and reflects in a general 
way the state of health of the individual 
whose blood is being investigated. 

During our studies of the blood sedi- 
mentation phenomenon it was noted 
that intravascular agglutination as de- 
scribed by Fahraeus did occur in pa- 


reviews of 


centuries. 
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WISCONSIN 


Mi dic 
and the Department of Medicine, Milwaukee County Hospital 


tients with a rapid sedimentation rate 
During the past year we have made 
1200 observations of the 


junctival capillary circulation and have 


over con 


in general found a close correlation 
between the blood sedimentation rate 
and the degree of sludging in the capil 
laries. 

Methods. A standard Leitz capillary micro 
scope with 15 watt tungsten illumination was 
used for all the The patient is 


examined in the 


observations 
reclining position the 
microscope 1S pl iced upon the patient's face 
so that the objective is directly 
The patient is then directed to look to either 


into view 


over one eve 
side in order to bring the s lera 
The conjunctival capillaries are then brought 
into focus Pati nts are usu lly able to coopel 
examination. Occasionallh 
examiner to hold th 
hand After 

short period of training it is possible for th 


ate well during the 
it is necessary for the 
eve lids apart with his free 
examiner to observe the circulation in a group 
of capillaries for as long as 15 seconds. The 
magnification is not great enough to see 
individual cells clearly but it is possible, how 
the de gree of 
ind the 


arbitrary 


ever, to observe iggregation 
velocity of the cir 

standard of t 
established to 


capillaries. TI 


the ervthrocvtes 
lation. An 


degree of sludging in the 


tvpe of subjective qualitative evaluation 


quite crude, nevertheless it can be signif 


icantly informative when practiced by a sing! 
observer or a team of observers. Unfortunate! 


it is difficult to compare such data with tl 


observations of others with any degree 
quantitative accuracy. We know of no ot] 
way of recording or evaluating a compl 


dynamic phenomenon of the circulation su 


as this. After making over 500 preliminar 
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examinations we were able to recognize the 
maximum amount of sludging in’ the capil- 
laries. This appeared as very coarse granular 
wcumulations of erythrocytes separated trom 
each other by spaces containing clear plasma. 
Phe whole column of blood moved slowly and 
haltingly. This 


sludging. 


it times was designated as 
Sedimentation rates were determined by the 
Westergren method. 
Serum 


method of 


Results. 
tion 


proteins were determined by the 
Cohn and 

There 
between the sedimentation rate 
and the degree of sludging in 82.4% of 
the 619 studied. There 
very wide distribution of all types of 
disorders in this group of patients. All 


was a close correla- 


cases Was a 


TABLE 1. 1000 OBSERVATIONS | 
RATES CORRELATED WITH THE 
MATION 

40mm A) 

Vo Vo 
0 123 76.4 
11.2 240) 
19 118 63 
O06 
Totals 161 100 SSO 


ordinarily seen in a large 
general hospital were represented. All 
age groups except infants and small 
children were investigated. 

The cases were separated into ‘4 
groups of sedimentation rates in order 
to compare them with the 4 groups 
representing the degree of sludge for- 
mation. Table 1 dows the correlation 
between the sedimentation rate groups 
ind the degree of sludging. 

The group in which there was no 
orrelation between the sedimentation 
rate and the degree of sludging ( 17.6% ) 
was given further study. This group 
vas separated into 2 groups, Cases in 
vhich the sludging was less than the 


the diseases 


BLOOD 


619 CASES) OF 
INTENSITY OF 
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sedimentation rate (5.5%) and those in 
which it was greater (12.17) (Table 2). 

Rapid blood sedimentation, well 
developed sludging and __hyperglo- 
bulinemia were frequently associated 
together. Such a concurrence was to 
be expected because of the strong 
rouleaux forming properties of the 
serum globulins. 

Sludging and rapid sedimentation 
were frequent in anemic individuals. 
On the other hand, no sludging and 
an — of sedimentation was ob- 
each of 5 cases of erythro- 
cvtosis vera and con- 


served i 


genital heart disease ). 


BLOOD SEDIMENTATION 
BLOOD SLUDGE FOR- 


Sedime ntation Rate 


60-100 mm Over 100 mm. 


95 23 0 0 
65.5 22 7.2 15 9.7 
16.6 249 s1.9 38 24.5 
4 26 102 65.8 
100 S04 100 155 100 
Discussion. Our observations indi- 
cate that the blood sedimentation 


phenomenon is merely the in vitro 
manifestation of the process of sludg- 
ing in vivo. In this we are in complete 
agreement with the observations of 
Fahraeus?. It has been known for many 
vears that the phenomenon of ery thro- 
cyte se ‘dimentation is a manifestation 
of Stoke’s Law and that increased 
rouleaux aggregation among — the 


erythrocytes is the immediate cause of 
the increased rate. Rouleaux aggrega- 
tion itself is a product of properties of 
the -erythrocyte surface and plasma 
particularly fibrinoge n and 
and 


prote ins, 
other 


globulins*. Fahraeus!* 


5 


rTABLE 2. -SLUDGING AND SEDIMENTA 
TION RATES IN VARIOUS DISEASES 
Group 1. Sludging Less Than Sedimentation Rat 
Pneumonia 10 
Heart Disease 7 
Rheumatic Fever Acute | 
Pericarditis 
Arteriosclerotic Heart Diseas 
Hypertension 2 
Kidney Disease 
Nephritis 
Pvelocystitis 2 
( arcinomatosis 
Acute Alcoholism 
Miscellaneous 
Gonorrheal Arthritis ] 
Asthma 
Anemia, Refractory | 
Cellulitis l 
Arthritis Acute l 
+ 
Grou Sludging Greater Than Sedimentation Rate 
Dermatitis 
Heart Disease 
Acute Myocardial Infarction 7 
Syphilitic 
Arteriosclerotic 16 
Hypertensive 
Rheumatic 
Endocarditis 2 
Coronary Insufficiency 
Cerebral Hemorrhage 
Hepatic Cirrhosis 10 
Pulmonary Disease 
Bronchogenic Carcinoma 2 
Dube rculosis 2 
Bronchiectasis 
Rheumatoid Arthritis 2 
Nervous Disease 3 
Neuritis, Peripheral 2 
Paralysis Agitans 
Miscellaneous 
Arteriosclerotic Gangrene of Foot l 
Carcinoma of Liver I 
Carcinomatosis 
Leukemia l 
Esophageal Stricture | 


others!*:!*:14 have demonstrated that the 
phenomenon occurs in vivo and, when 
present, results in changes in the stream 
Knisely during 
the last decade observed this phe- 
nomenon in malaria and other path- 


of circulating blood. 


conditions 
was not, until 


ologic He apparently 


recently, familiar with 


the work of Fahraeus. Because of this. 


HIRSCHBOECK, 


Woot 


confusion has developed and = many 
clinicians believe that blood sludge is 
a newly discovered entity of consider- 
able pathologic importance. Knisely", 
a few years ago, insisted that blood 
sludging differs 


aggregation. 


intravascular 
This may be 
true in cases of Plasmodium knowlesi 
malaria in but doubt 


if sludging is in anv way different from 


trom 
rouleaux 
monkeys. many 


the intravascular rouleaux aggregation 


of Fahraeus, at least as far as man 


and pathology is concerned 
Knisely**:'" has. stated that the sludg 
ing occurs when a_ sticky fibrin like 
deposit forms on erythrocvtes 


causing them to adhere one to an 
other. However, sludge formation is 
not prevented by heparinization" 


This should indicate that fibrin does 
not have a part in the phenomenon 
The rapidity of the circulation of the 
capillaries depends upon cardiac eth 
ciency and the peripheral resistance 
in the capillaries themselves. This re 
sistance depends upon the viscosity of 
the blood and the caliber of the capil 
laries. Blood viscosity is almost directly 
proportional to the concentration of 
the 
erythrocytes occurs intravascularly and 


clumps of 


erythrocytes. If clumping © of 


viscous erythrocyte mass 
enter the small capillaries a slow and 
interrupted flow develops in thos 
capillaries. Clumping increases becaus¢ 
the movement of the circulation is slow 
Fragile clumps which form th 
larger vessels do not increase in siz 
because of the rapidity of the blood 
stream. However, in the small capil 
laries, where there is a slow movement 
of blood and at times almost complet 
stasis, contiguous clumps readily ad 
the 


Rouleauy 


here to each other and sludg 


mass increases size. 
aggregation is more intense in anemia 
because there is more plasma _ protein 
in each volume unit of blood to affect 


the erythrocyte surface. The opposite 


CLINICAL EVALUATION OF THE 


conditions prevail in erythrocytosis. In 
heart failure the cardiac output is often 
reduced and the circulation time is 
increased. The motion of the circula- 
tion is less and sludge formation is 
protected. This may explain the dis- 
crepancy between the sedimentation 
rates and the degree of sludging in 
the 40 cases of heart disease which 
we observed. 


BLOOD 


Summary. |. The bulbar conjunctival 
capillary circulation was observed in 
patients with a wide variety of diseases. 
A close correlation between the degree 
of blood “sludge” formation and_ the 
sedimentation 
found in 82.4% of the 619 cases studied. 

2. Blood “sludge” 
product of rouleaux aggregation and 
stasis within the capillaries. 


ery throcyte 
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S. NapLer, M.D. 


AND 


Peter C. Gazes, M.D. 


PHILADELPHIA, 
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(From the Division of Cardiology, Philadelphia General Hospital, and the 


Robinette Foundation, 


Tue subject of hypopotassemia has 
recently assumed considerable impor- 
the recognition 
ot the number of conditions in which 
alterations in the concentration of this 
electrolyte occur within the body; 2, the 
serious disturbances that occur in the 
body when the serum potassium is 
abnormally high or abnormally low; 3, 
the rather simple methods by which 
alterations in the serum potassium may 
be observed by the electrocardiogram; 


tance because of: 1, 


and 4, the complete reversibility of 
this process following the administra- 
tion of potassium. 

Considerable confusion exists regard- 
ing the electrocardiographic evidence 
of hypopotassemia because of the vari- 
patterns observed in different 
patients. Questions which we sought to 
answer in this study were as follows: 
l, Is there a single characteristic elec- 
trocardiographic pattern in hypopo- 
tassemia? 2, If not, what patterns are 
observed? 3, What is the relative fre- 
quency of patterns in 
etiologic states associated with hypo- 
potassemia? 4, Which of the 2 major 
changes is most characteristic of this 
electrolyte imbalance: alterations in the 
T wave and ST segment, or the pro- 
longation of the QT interval? 5, What 
is the relationship, if any, between the 


ous 


such various 


This work was aided by a grant from the 
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University of 


Pennsylvania 


degree of change and the serum 
potassium level? 6, What modification 
of the electrocardiographic pattern is 
caused by other electrolyte alterations 
associated with the low — serum 
potassium? 

The alterations in the electrocardio- 
gram associated with a high serum 
potassium have been described in vari- 
ous conditions such as azotemia!*'®'> 


Addison’s disease, and _ diabetic 
acidosis**. These consist of an increased 
amplitude of the T wave with narrow- 
ing at the base between the 2 
of the T wave (Fig. 3 (Pre Rx tracing)). 


In addition, widening of the QRS com- 


limbs 


plexes may also be present. These 
changes return to normal as the levels 
of the 
normal. 

Except for reports on isolated cases* 
13.17.22.25 there is relatively little in the 
literature relative to the electrocardio- 


serum potassium approach 


graphic alterations associated with a 
low serum potassium. Recognition of 
the electrocardiographic patterns in 
hypopotassemia is of importance be- 
cause of their help in the diagnosis of 
this state and in following the results 
of therapy. While electrocardiographic 
patterns are by no means a substitute 
for the chemical this 
electrolyte, when the latter is not avail- 


estimation of 


U. S. Public Health Service 


ELECTROCARDIOGRAPHIC 


able they are of qualitative importance. 
easy availability of this 
method of study considerably enhances 


Moreover, the 


its usefulness. 

Low concentrations of potassium in 
the serum and diminution in cellular 
potassium have been observed in the 
following conditions: 1, diminished in- 
take of potassium; 2, animals and 
patients treated with large doses of 
desoxycorticosterone; 3, familial peri- 
paralysis; 4, diabetic 
5, Cushing’s syndrome; 6, 


acidosis: 
fluid 


and, 


odic 
loss 
in intestinal obstruction: diar- 
rhea. 

The  electrocardiographic changes 
similar to those to be described in this 
paper, were observed by Bellet and 
Dyer' (1937) following emergence 
from diabetic acidosis in 17 patients. 
Mt that time they were thought to be 
due to elec trolyte changes but not spe- 
cifically to potassium alterations. These 
tracings manifested lengthening of the 
OT interval, depression of the ST seg- 
ment and inverted T waves. Recently 
changes have been ascribed to a 
potassium Holler'’, 
Nicholson and Branning**, Martin and 
Wertman*", and this has been confirmed 
by studies in our laboratory in diabetic 
and in various states ac- 
companied by vomitingt*®. The initial 
electrocardiographic 
changes in hypopotassemia were made 
in patients with familial periodic par- 
(1940-41). In addition, 
(1938) published records 
of a patient with Addison’s disease 
where hypopotassemia resulted from 
the administration of 


these 


low serum 


acidosis=" 


observations of 


alysis* 
The ympson* 


desoxycortico- 
A similar case in which, 
however, serum potassium values were 
not furnished, was published by Cur- 
rens and White’. Brown, Currens and 
Marchand? reported 2 patients with 


sterone acetate. 


muscular paralysis in chronic ne phritis 
which was attributed to potassium loss. 
Serum potassium \ 


values were not de- 
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termined. Ellis!! reported the electro- 
cardiograms of 4 prisoners of war suffer- 
ing from severe malnutrition and 
diarrhea. The  electrocardiographic 
changes closely resembled those of 
hypopotassemia, although other factors 
were probably operative in their pro- 
Treatment of these patients 
in a return of the records to 


duction. 
resulted 
normal. 

Material and Methods. This study is based 
on a study of serial tracings in 79 patie nts in 
whom hypopot ussemia was the result of sev- 
eral different conditions which are shown in 


Table 1 


-CAUSES OF HYPOPO- 
TASSEMIA 


TABLE 1 


No. of Patients 
Diabetic Acidosis 35 
Vomiting due to Intestinal 
Obstruction 34 
Miscellaneous Group 


Familial Periodic Paralysis 1 
Inanition 2 
Administration of 
Adreno-corticotrophic Hormone 1 
Colitis 2 
Prolonged Administration of 
Parenteral Fluids 2 
Nephrosis with Diuresis 2 
Toral 79 
In all, 380 electrocardiograms correlated 


with serum potassium and other electrolyte 
estimations were recorded. On admission to 
the hospital, the blood carbon dioxide combin- 
ing power, pH, protein, chloride, blood urea, 
nitrogen, calcium and potassium were esti- 
mated. Simultaneously, an electrocardiogram, 
including Leads I, IT and III and Precordial 
Leads CR2, CR3, CR4 and CR5, was taken. 
These studies were repeated at frequent in- 
tervals, depending upon the individual case, 
until the electrocardiogram returned to nor- 
mal. Thirty of these patients were given po- 
tassium intravenously in a dose of from 300 
to 1500 ce. at a rate of 3 to 5 ce. per min 
in a concentration of 1.14% (155 mEq./liter). 
This electrolyte was also administered by hy- 
podermoclysis in 10 additional patients and 
by mouth in 10 patients. 

The serum potassium estimations 
made initially with a Perkin-Elmer 
later with a Beckman flame photometer. 

The Measurement of Electrical Systole 
(OT, QU Segment). The measurement of the 
OT interval length is not always a simple 


were 
and 


BELLET, STEIGER, 
matter because the end of the T wave is 
frequently not clearly demarcated. In_ this 
study Precordial Leads CR2, CR3 and CR4 


were used for this measurement, as wet.) have 
found that these leads give the clearest and 
marked 


le ad in 


most evidence of hypopotassemia 
Chat the the 
[ wave was most clearly seen, and where the 
OT interval was longest, was used for the 
measurement Considerable differences 
found between the T and ST segment 
changes in the limb and precordial leads. 
Another complicating feature in the meas 
electrical 


which termination of 


were 
Wave 


urement of systole was the pres 
ence of a more or le SS prominent U wave 
which followed the T wave at various inter- 
vals. It appeared in the form of a T wave 
notching, or following the T wave with an 
intervening depression which did not reach 
the iso-electric lin Figs. 4 and 5). It is 
doubtful, whether electrical systole should be 
measured to the end of the T wave (OT 
interval) or to the end of the U wave Ol 
interval That the U wave should be con 
sidered as part of electrical svstole is an 


opinion held by many physiologists!2.24. 


Finpincs. Hyperpotassemia was ob- 
served by us in 25 patients with dia- 
betic acidosis prior to treatment and in 
8 patients with azotemia. Their electro- 
cardiographic findings are similar to 
those previously 
tall, narrow T waves often accompa- 
nied by some widening of the QRS 
complexes. These are reversible and 
give way to T waves of normal ampli- 
tude and configuration when a normal 
serum potassium is restored. 

The remaining cases in the series 
showed for the most part a hypopo- 
tassemia when they first came under 
our observation. The diagnosis was 
based on: a, the presence of a cause- 
such as diabetic acidosis, vomiting; b, 
the complete reversibility of this pat- 
tern following the administration of 
potassium; and, c, chemical determina- 
tion of the serum potassium. In patients 
with diabetic acidosis, we were able to 
follow the electrocardiographic pattern 
in the same patient from the stage of 
hyperpotassemia, to normal serum 
potassium and to hypopotassemia dur- 
ing the course of treatment in a period 


NADLER, 


GAZES: 


of 3 to 12 hours. Thereafter the electro 
cardiogram returned to normal when 
the 
normal, usually when the patient was 
able to take food by mouth. 
Electrocardiographic Changes. There 


serum potassium returned — to 


is no single electrocardiographic pat- 
tern which may be said to be pathog- 
nomonic of hypopotassemia. In all, 5 
electrocardiographic patterns were ob 
served, as shown in Table 2. However, 
64 of the 79 patients (S17) showed Pat- 
terns 1 and 2; the remainder, 15 patients 
(19%), 4 and 5. 


The alterations in the electrocardio- 


showed the Patterns 3 


gram as a result of hypopotassemia are 
confined chiefly to the T wave, ST seg- 
ment and OT interval. \ prominent U 
wave is of additional diagnostic import 
and will be discussed below. Other ob- 


served alterations of lesser diagnostic 


significance are elevation of the S17 
segment and arrhythmias, e.g., ventric- 


ular and auricular premature beats and 
auricular fibrillation. 
The following are the 5 characteristic 
patterns: 
PATTERN | 
consisted of 


shown by 33 patients 
a depression of the S17 
segment accompanied by lengthening 
of the OT interval. The degree of ST 
segment depression and lengthening 
of the QT interval varied in general 
the 


Figs. la and b). With increasing de- 


with degree of hvpopotassemia 
grees ot hypopotassemia the ST de- 
pression became more marked; in more 
severe grades the initial portion re- 
sembled an inverted T wave (Fig. Ib). 

ParrerRN 2 (shown by 31 patients 


consisted of T wave inversion ac- 
companied by QT prolongation, fre- 


The 


T wave inversion was of 3 types: First, 


quently followed by a U wave. 
the inverted T wave manifested a slight 
elevation of the initial portion of the 
ST segment followed by terminal down- 
This T pattern 
resembles quite closely that seen in 


ward dip. wave 
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ic. 1.—Semi-diagramatic representation of electrocardiographic changes of various patterns 
observed in hypopotassemia drawn to scale from actual tracings. (A) a and b represent 
different degrees of ST segment depression observed in Pattern 1. c—normal control. Note 
the slight ST segment depression in b, the more marked ST segment depression with QT 
prolongation in c. The initial portion of the T wave shows a slight tendency toward inversion. 
Pattern 2: a, b and c¢ represent the different types of T wave inversion. See description in 
text. Pattern 3 shows different degrees and types of upright T waves accompanied by QT 
prolongation. In a and c the prolonged QT segment takes up practically all of the T wave. 
In b an isoelectric period is observed between the QRS and T wave. Pattern 4 shows a T 
wave of low amplitude which is almost isoelectric followed by 2 undulations which are 
probably U waves. Pattern 5 shows a T wave followed by a prominent U wave. 
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acute pericarditis with subepicardial the QT segment resembled the in 
myocarditis, in transient episodes of verted T waves seen in various types 
coronary insufficiency, and in certain of myocardial disease. 

states of myocardial infarction C wave PATTERN 3. (shown by 6 patients ) 
influx). Second, the inverted T wave consisted of an upright T wave, the 
was situated below the srl line. amplitude of which was normal, 
Third, the inverted T waves manifested — slightly below, or slightly above normal. 
little or no deviation from the isoelectric The QT interval was prolonged and 
line and, except for prolongation of the T wave occupied the entire QT 


A 


CR2 CR3 CRt CRS 
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i 
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ric. 2.-(A) E. L., female, white, age 75, was admitted to the hospital 5/15/49 with a history 
of diarrhea and vomiting for 3 days. a, Control electrocardiogram taken 5/20/49. Note long 
QT interval with depressed RT segment (Pattern 1). QT measures 0.44 sec. (theoretical Q1 
for this rate, 0.31 sec.). The serum potassium level at this time was 2.2 mEq./liter. b, CR3, 
note shortening of QT interval with disappearance of ST segment depression and upright 
T waves which appeared following increasing doses of isotonic KCl administered intra 
venously. c, Leads 1, 2, 3, CR2, CR3, CR4, CR5 and CR6 after 400 cc. of potassium chloride 
in 2% hours. The QT interval measures 0.32 sec. (theoretical QT, 0.32 sec.). The serum 
potassium level at this time was 3.5 mEq./L. 
(B) A. L., female, white, age 49, was admitted to the hospital suffering from inanition 
due to gastric carcinoma. a, Control tracing shows inversion of T waves in all leads with 
slight prolongation of the QT segment. The QT measures 0.36 sec. (theoretical QT for this 
1ate 0.327). The serum potassium level was 2.8 mEq./L. b, After administration of 1000 c« 
isotonic potassium chloride intravenously in 6 hours. Note upright T waves in all leads and 
shortening of the QT interval which now measures 0.28 sec. The serum potassium level at 


this time was 6.0 mEq./L. 


K(mEq/L) 
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segment, extending from the beginning 
of S to the end of the T wave. There 
was usually no isoelectric period be- 
tween the S wave and the initial ascent 
of the T. A few exceptions were ob- 
served where an isoelectric period was 
this occurred in the presence of 
alkalinosis with and without hypo- 
calcemia. 


seen; 


ParreRN 4 (shown by 


consisted of a T 


5 patients ) 
which 
accompanied by a 
terminal U The end of the QT 
was not clearly demarcated in this 
pattern, and it is probably best to refer 
to this as a QU wave. Following the 
administration of the U 
wave wave 
( Fig. 


wave, Was 


almost isoelectric, 


wave. 


potassium, 
disappeared and the T 
returned to normal amplitude 
5b). 

PATTERN 5 was observed in 2 of our 
patients with vomiting due to intestinal 
obstruction. The T weve itself 
normal in amplitude. The U wave was 
unduly prominent and followed the 7 
after the downstroke had reached 
line. The QT interval 
proper was not prolonged; the pro- 
involved the QU interval 
5) or the entire electrical svstole. 


Was 


wave 
the isoelectric 


longation 
(Fig 
It was follow 


wave changes 


interest to 
the evolution of the 


of some 


accompanying hypopotassemia in the 
patient. This could be best 
accomplished in diabetic acidosis where 


Same 


one could observe the entire gamut of 
change, from the T wave changes ac- 
companyving hyperpotassemia, through 
the changes of normal serum potas- 
sium, to those of hypopotassemia, in a 
few hours. We followed 3 such patients 
with electrocardiograms and serum 
potassium estimations every 15 minutes 
following the administration of insulin 
and fluids. It was observed that the T 

wave amplitude gradually decreased to 
a normal amplitude as the serum potas- 
sium dropped to normal. Then the 7 


PATTERNS IN 


HY POPOTASSEMIA 547 
waves decreased slightly in amplitude. 
The transition to the inverted T wave 
observed in Fig. 2b was usually abrupt 
and occurred within 10 to 15 minutes. 

U. Waves. Significant U waves were 
observed in 42 of the 79 patients (53% ) 
Thev were observed in 13 of the 
diabetic group, 22 of the vomiting 
group and 7 of the miscellaneous 
group. It is of interest that in the 
vomiting group not only was the inci- 
dence of U waves highest, but also 
they were the most prominent. In the 
diabetics the wave never attained 
the prominence observed in most 
vomiting patients; the U waves ob- 
served in the patients with fluid loss 
due to colitis, diarrhea and following 
use of parenteral fluids resembled those 
of the vomiting cases. 

In quoting the above figures on the 
incidence of U waves it is recognized 
that some inaccuracies exist because 
of the short diastole accompanying 
high rates (in man the maximum rate 
at which a U wave is best observed 
is between 90 and 100), and because 
the U wave is the least clearly defined 
of all the ECG waves. They present 
many bizarre characteristics and posi- 
tions, and may be part of notched T 
waves; they may be upright or inverted. 
single or multiple. 

Relation between QT Segment Pro- 
longation and Degree of Hypopotas- 
semia. Correlation between the level 
of the serum potassium and the degree 
of QT segment prolongation (QT,.)* 
made in 42 electrocardiograms 
from patients with diabetic acidosis 
and in 38 from patients with vomiting. 


was 


The statistical correlation between 
the length of the QT interval and the 
serum potassium concentration has 
been reported previously in a series of 

cases of diabetic acidosis??> and was 
found to be highly significant 
(r — 0.73: p = < .0001)*". The 
same correlation studies were 


per- 


4S BELLET, 
formed on this present series of Cases 
of diabetic acidosis and showed sim- 
ilar correlation. The statistical correla- 
tion the QT interval cor- 
rected for rate (QT.) and the serum 
potassium concentration in 


between 


cases. of 


Huid loss due to vomiting (n 38 ) 
has also been found to be significant 
67: p << ). 

In cases of diabetic acidosis, the 


mean QT. corresponding to serum 
potassium values below 4.0 mEq./liter 
was found to be 0.504 sees. (n 30). 
The mean OT, corresponding — to 
serum potassium concentrations above 
1.0 mEq./liter was found to be 0.403 

(n 27). Application of the 
“t test” to these means gave a t value 
of 2.93 with a p of .003. A 
calculation in cases of 
(n 43) gave a t 
00015. Thus 


ence 


secs. 


similar 
vomiting 
4.33; 
a significant differ- 
the mean OT 
interval corresponding to potassium 
concentrations 1.0 mEq./liter 
and the mean QT interval correspond- 
ing to potassium concentrations above 
1.0 mEq./liter. 

Relation between the Electrocardio- 
graphic Pattern and Etiology of Hypo 
potassemia. The relative incidence of 
the T wave and ST segment pattern in 
diabetic acidosis and cases of vomiting 
due to intestinal obstruction is of some 
interest. In the cases of diabetic acidosis 
the common pattern observed was in- 
version of 


value of 


exists between 


below 


T waves of various types 
Pattern 2). This was observed in 24 of 
the 35 cases (66%), whereas Pattern 1. or 
ST segment depression, was observed 
in 9 (267). In the vomiting 
cases, however, Pattern 1, or ST seg- 
ment depression, was observed in 18 
of 34 cases (53%), where T wave inver- 
sions were observed in only 8 (272). 
U waves were observed with less fre- 
quency and 


Cases 


were of slight or 
moderate prominence in the diabetics; 


they were observed more frequently 


only 
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tended to their 
amplitude in vomiting cases and in 


and assume highest 
those cases in which fluid loss resulted 
from colitis and diarrhea. 

We do not know the reason for these 
differences. These changes apparently 
occur irrespective of age and_ pre- 
existing heart damage. They mav_ be 
related to the manner and rapidity of 
the production of hypopotassemia in 


these 2 


groups of cases, the presence 
of acidosis in the former and alkalosis 
in some of the latter, and the effect of 
other electrolvtes on these derivations 
Effect of \dministration 
the Electrocardiogram of Hypo 
potassemia. The 30 patients re- 


Potassium 
on 


ceived isotonic potassium chloride by 
vein were studied by serial electro- 
cardiograms. In general, the rapidity 
with which the electrocardiogram re- 
turned to normal depended upon the 
speed and the amount of potassium 
administered, and the return to normal 
was accomplished by a simultaneous 
decrease in prominence of the U wave 
shortening of the QT or QU segment 
of the T 
or decrease in depression of the ST 
followed gradual 
crease in amplitude of the upright 
T wave with a return of the QT seg- 
ment to normal. all of 
patients the electrocardiogram returned 
the 
attained a normal range. The electro- 


decrease in inversion wave 


segment, bv a In- 


In almost our 


to normal as serum potassium 
cardiograms, however, rather rapidly 
tended to revert to the hypopotassemic 
pattern the cessation of 
potassium administration (Fig. 3). This 
is probably the’ result of a_ shift of 
potassium from the extracellular fluid 
into the cell, the 
urine and various 


following 


its elimination in 
its utilization in 
physiological processes. In order to 
maintain a normal serum level potas- 
sium had to be continually supplied 
by unless the 


patient was able to take food by mouth. 


parenteral — injection 
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When potassium was administered by the serum potassium level the effects 
hypodermoclysis the slow absorption, on the electrocardiogram were fre- 
the entrance of some of the electrolyte quently slight or absent. 

into the cell and its elimination in the In 2 patients with more or less 
urine resulted in a negligible increase severe grades of myocardial damage 
of this ion in the serum. Because the due to coronary artery disease it was 
electrocardiogram depends chiefly on observed that ‘the T wave inversion 
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CRS 
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bic. 5.—Electrocardiographic pattern in a patient before and after institution of therapy for 
diabetic acidosis and before the administration of isotonic potassium chloride. The figures in 
the upper part of the diagram record the hours after routine therapy was begun. The arrow 
indicates the time when isotonic potassium chloride was started. The pre Rx tracing (before 
therapy for diabetic acidosis was instituted) shows the tall T waves with a narrow base typical 
f hyperpotassemia. The serum potassium level at this time was 7.7 mEq./L., the CO2 was 
10 vol. %, the blood sugar was 520 mg. per 100 cc. Note the diminution in amplitude of the 
( wave 3% hours after therapy was started following the administration of fluids and insulin. 
The serum potassium at this time was 4.9 mEq./L. At 6 hours note the inversion of the 
[ waves. The serum potassium was 4.0 mEq./L. Following the administration of 50 cc. of 
potassium chloride note the change from an inverted to an upright configuration in all pre- 
cordial leads. Final tracing taken 72 hours after beginning of treatment at which time the 
patient was able to take food by mouth. Note the return of tracing to normal. The serum 
potassium was 5.1 mEq./L 
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Fic. 4.—Pattern 2c. (A) J. M., age 45, was admitted with a diagnosis of acute pancreatitis 
and probably pyloric obstruction. He had been vomiting off and on for 3 weeks and _ tool 
very little food by mouth during this time. He appeared rather weak and asthenic on admission 
1. Note inversion of T wave and lengthening of QT segment which is particularly marked in 
the precordial leads. The QT segment measures 0.50 sec. (normal for this rate 0.36. sec 

b, Note upright configuration of T wave with shortening of QT interval 4 hours after 700 c« 

of isotonic potassium chloride. The serum potassium at this time was 4.8 mEq./L 
(B) Patient, 87 vears of age, was admitted with lower intestinal obstruction due to 
carcinoma of the sigmoid. a, Control tracing taken 2/2/48. Note inversion of T waves in all 
leads and lengthening of the OT interval. The serum potassium level was 3.8 mEq./1 
b, Note upright T waves 2 hours after 300 cc. of potassium had been given. c, 2/7/48, afte: 
patient had begun to take food by mouth,-note return of T wave and QT intervals to normal 
The serum potassium level at this time was 5.0 ml q./L 
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and ST segment depression tended to 
become more marked following potas- 
sium administration. This was probably 
the result of the potassium effect upon 
the damaged heart muscle with pre- 
ponderance of its effect on the sub- 
endocardial portion of the left ventricle. 
Similar changes were observed by us 


in dogs, and by Sharpey-Schafer in 


PABLE 2. INCIDENCE OF 
ETIOLOGIC 
Group No. of Case of Case 
\. Diabetic Acidosis 
I 9 25.7 
Il 2] 60.0 
Ill 3 
I\ 0 0.0 
\ 0 0.0 
no QT prolong 2 6.0 
Totals 85 100.1 
B. I omiting due to In- 
testinal Obstruction 
| 17 53.0 
Il 23.5 
2 5.9 
I\ + 11.8 
V 3 5.9 
Totals $4 100.1 
( V iscellaneous Group 
I 6 60.0 
Il 2 20.0 
l 10.0 
lV l 10.0 
Totals 10 100.0 
man, following potassium administra- 
tion in the presence of myocardial 
infarction. 
Discussion. That alterations in the 


serum potassium profoundly alter the 
electrocardiogram is not surprising. 
This electrolyte is intimately connecte d 
with the contractile process. Potassium 
is essential for normal muscular func- 


tion. Potassium is essential also for 


normal nerve function, particularly in 
the neuromuscular transmission of the 
impulse. It acts in initiating the excita- 
tion process. Smith®® has observed that 
dogs which were fed on a 


diet low 
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ELECTROCARDIOGRAPHIC 
STATES WITH HYPOPOTASSEMIA 


IN HYPOPOTASSEMIA 


in potassium developed paralysis of 
various muscle groups and unless 
potassium was administered, a state of 
collapse and death followed. Deficiency 
of body potassium has produced 
necrosis of heart muscle in the experi- 
mental animal’. 

The syndrome of hypopotassemia 
was initially studied in the human 
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No. with U Waves ©; of Group with U Waves 
2 §.7 
22.8 
] 2.86 
0 0.00 
0 0.00 
2 2.86 

13 34.2 
1] 32.4 
11.8 
2.9 
11.8 
5.9 
233 64.8 
50.0 
0 0.0 
10.0 
10.0 
7 70.0 


subject in familial periodic paralysis*’ 


31. There it has been observed to result 
in weakness, poor muscle tone, par- 
alysis, and ultimately death. The 
following cardiac effects during hypo- 
potassemia have been noted: dilatation 
of the heart, the development of 
systolic murmurs, ectopic rhythms and 
profound electrocardiographic changes 
of a type associated with severe grades 
of mvocardial abnormalities. In addi- 
tion, the blood pressure is usually low. 
These alterations are usually promptly 
reversed by the administration of 
potassium. 
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ic. 6.—Pattern 5. C. W., male, white, age 25, had been vomiting for 1 day prior to admis- 


on. He was admitted with a diagnosis of duodenal ulcer. This patient was given saline 
nd glucose parenterally but was unable to take food by mouth. a, Taken day following 


jperation shows tall U wave following the T wave, best seen in precordial leads. QU wave 


veasures 0.44 sec. (normal QT for this rate is 0.36 sec.). The serum potassium was 2.7 
\1Eq./L. b, Note increased amplitude of T wave and shortening of QU interval 1 hour and 


‘0 minutes later, after 500 cc. of isotonic potassium chloride had been given. c, 2/10/48 


fter patient had been taking food by mouth for 24 hours. Note normal configuration of T 
wave and normal QT interval. Serum potassium level at this time was 4.8 mEq./L. 
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K=3el mEQ/L 


Fic Patient with hypopotassemia (serum potassium level 


3.2 mEq./1 who had been 
receiving adrenocorticotrophic hormone. CR2 showing successive cycles with QT interval 
prolongation and others with inverted T wave followed by 


a U wave. Note that 


length of 
QT segment and QT interval are identical 


KimEq)= 404 9 4.4 


Fic. 8.—A. L., age 16. Familial Periodic Paralysis. a, Control before induction of attack 
[he serum potassium was 4.4 mEq./L. b, 2% hours after induction of attack. Patient had 
typical evidence of periodic paralysis. Potassium was 2.9 mEq./L. Note lengthening of Q7 
interval with change in T waves and presence of prominent U wave. c, Five hours after 
induction of attack. After 200 cc. of isotonic potassium chloride had been given by mouth and 
500 cc. by clysis, electrocardiogram had returned to normal. The paralysis had disappeared 


The potassium was 4.4 mEq./L 
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The QT, QU Segment and Electrical 
Systole. The QT segment has been 
accepted by most cardiologists as a 
electrical systole. 
with 


This is 
mechanical 


measure of 


not to be contused 


systole. For practical purposes, the 
length of electrical and mechanical 
systole is almost the same when the 
OT interval is normal. When the QT 


interval is prolonged, the second heart 
sound appears an appreciable interval 
the end of the T wave, indicat- 
ing that in such a case electrical systole 
considerably longer — than 
mechanical systole. The terminal por- 
tion of the ORST complex occurring 
after the second sound is due to elec- 
trical activity occurring after mechan- 
ical systole. 


before 


is otten 


This is often of consider- 
able duration and may be composed 
of the terminal portion of the T wave 


and occasionally a U wave. 


Whether electrical systole terminates 
with the T wave, if this is 
present, has been the subject of some 
The 


electrocardiogram has 


wave or U 


discussion among physiologists. 
U wave of the 
observed and commented 
originally by Einthoven'® and 
quently ‘by other 
Most of the 
from 


been upon 


subse- 


studies have been ade 
limb leads, relatively few from 
the precordial leads. It has been stated 
that U waves of small amplitude, 1 to 
may be a normal finding. U 
waves of greater prominence and _ in- 
verted T waves are said to be the result 
of myocardial disease. The subject of 
and other waves occurring 
close to but soon after the T wave has 
received relatively little attention and 
little definite data are available con- 
cerning their significance. It has been 
said that the U wave represents a 
period of supernormal recovery and i 

this time that the ventricle is 
subject to the development of ectopic 
rhythm: experimentally the heart at 
this period responds to stimuli of less 


2 


U waves 


a 
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intensity than at other 
diastole. 

Einthoven'® suggested that the U 
wave was due to an abnormal duration 
of ventricular systole in a damaged 
heart. Subsequently, Einthoven found 
the U waves in electrocardiograms of 
normal subjects and concluded that 
the wave indicated the persistence of 
contraction of some fibers during early 
diastole. Recently Erlanger and Gas- 
work on nervous activity has 
revealed the existence of after poten- 
tials, the duration of which far exceeds 
the period of excitation accompanying 
the propagation of the impulse. Such 
potentials are associated with the vari- 
ous stages of the recovery process. 
Nahum and Hoff?! concluded that the 
U wave is to be regarded as part otf 
the ventricular complex representing 
the location of the supernormal period. 
As a result of their investigations, these 
authors concluded that “The usual 
concept that the end of the T is the 
end of the electrical cycle is no longer 
tenable.” 


periods of 


ser s!* 


The presence of a U wave in patients 
with hypopotassemia is deserving 
comment. The U wave often 
appears immediately after the T wave, 
before the downward stroke has 
reached the base line; in other cases 
the wave appears after the T wave 
is completed and then is usually of 
considerable prominence. 

In hypopotassemia 2 types of elec- 
trocardiographic alterations were ob- 
served in the QT or QU interval: 1, 
prolongation of the OT interval proper 
(observed in most of the patients); 2, 
relatively normal or slightly prolonged 
QT interval following a prominent U 
wave (observed in a smaller group). 

That the QT and QU interval prob- 
ably measure the same electrical events 
is suggested by the following: a, In 
Fig. 5, taken from a patient with hypo- 
potassemia (CR2), consecutive cycles 


some 
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show prolongation of the QT segment 
and a short QT followed by a U wave. 
The QT and QU length in these cycles 
are identical. b, Following potassium 
administration (Fig. 8) to a patient in 
whom a prominent U wave with a rel- 
atively normal QT was present, the 
U wave disappeared with little change 
in the T the resultant 
effect was similar to that observed on 
a prolonged QT interval. 


wave pre ype as 


From the evidence presented above 
as well as the data observed in our 
cases, it might well be that in patients 
with hypopotassemia the QT or QU 
interval may be used interchangeably 
for diagnostic purposes and probably 
as a measure of electrical systole. 

The Electrocardiogram as a Criterion 
of Hypopotassemia. The electrocardio- 
gram is an important criterion of hypo- 
potassemia. Although it is not a substi- 
tute for estimation of this 
ion, with the history of 
diabetic acidosis, fluid loss by vomit- 
ing, diarrhea, and colitis, it has proven 
in our hands to be an important adjunct 
in the diagnosis of hypopotassemia. 
The recognition that 5 different pat- 
terns may be present as a result of 
a deficiency of this electrolyte should 
be of added importance. It should be 
noted, too, that in 80% of patients the 
electrocardiographic 


chemical 
combined 


alterations 
sisted of ST segment depression and 


con- 


T wave inversion accompanied by pro- 
longation of the QT interval (Patterns 
1 and 2). In order of their diagnostic 
importance the alterations arrange 
themselves as follows: 1, QT interval 
prolongation; 2, T wave inversion and 
ST segment depression; and, 3, presence 
of a prominent U wave. The configu- 
ration of the T wave and ST segment 
may be of some help in differentiating 
between the presence of a previous 
diabetic acidosis alkalosis accom- 
panied by fluid loss; Pattern 2 was 
observed more the 


or 


often in former 
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group, Pattern 1 in the latter. Finally, 
the electrocardiogram is of help in 
the of 
administration and particularly in not- 
ing early effects. 

Is the 
electrocardiographic changes in hypo- 


following effects potassium 


there a_ relation between 
potassemia and the level of the serum 
potassium? We found that the QT 
interval prolongation was a crude guide 
of the degree of hypopotassemia. The 
T wave and ST segment changes were 
not a reliable criterion of the degree 
of hypopotassemia when comparisons 
were made in different patients; how- 
ever, in the same patient, the similar 
a fair guide 
of the degree of hypopotassemia on 


T and ST changes were 


repeated correlation studies. 
Conditions Simulating Electrocardio 

gram of Hypopotassemia. As to the elec- 

trocardiographic criteria of hypopotas- 


semia, it should be noted that  pro- 
longation of the QT segment together 
with alterations of the T wave and 


ST segment may be observed in cer 
tain other clinical states. Among these 
are hypocalcemia, anoxia as observed 
in coronary occlusion, pulmonary em- 
bolism and shock-like states, hyperten- 
mvocardial of 
tvpes, the effect of drugs, particularly 
quinidine, and certain other unknown 


sion, damage certain 


factors. The relative incidence of hypo- 
potassemia as a cause of these changes 
bulks large and is the most important 
member of this group, as was observed 
in a series of 100 cases of OT interval 
prolongation, to be 
where®. The differential diagnosis can 
the 
examination 
The estimation of serum potassium is 
the final criterion. We have been able 


reported else- 


be made in most instances from 


history and_ physical 


to make a diagnosis of hypopotassemia 
from the v and _ electrocardio- 
graphic findings, later confirmed by 
the chemical studv in about 957 of 
our patients. 


historv 
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The electrocardiogram is of addi- 
tional help in differentiating between 
the QT segment of hypocalcemia and 
hyvpopotassemia. In hypocalcemia there 
is an isoelectric period between the 
end of the S wave and the beginning 
of the T the T wave proper is 
unaltered by the In 
wave itself is 
the in most 


Wave; 


hypopotassemia the 
iltered by 
instances of an ST segment de ‘pression 
and the QT 
interval prolongation involves the en- 
tire OT 
the differential diagnosis is difficult to 
make from the electrocardiogram alone. 
The electrocardiogram is of help in 
differential other condi- 
tions producing QT segment prolonga- 
will be 


or a wave inversion, 


segment. In occasional cases 


diagnosis of 


tion. These discussed in a 
subsequent report. 

Electrocardiographic Effects of Other 
Electrolyte Alterations in Association 
with Hypopotassemia. It must be rec- 
ognized that in many instances hypo- 
potassemia exists in association with 
other electrolyte changes that could 
conceivably alter the electrocardio- 
In diabetic acidosis, alteration in 
phosphate and the serum 
magnesium are occasionally involved; 
n cases of fluid loss due to vomiting 
iterations in sodium, phosphate and 
iecasionally calcium may exist. 

\s far as we are aware, sodium and 
shosphate, per se, do not affect the 
Little is known as 
'o magnesium effects. Of these elec- 
rolytes, only calcium is known to affect 
he T wave and QT interval. In dia- 
etic acidosis the calcium values were 


cram. 
sodium, 


lectrocardiogram. 


bnormal in relatively few cases: in 
omiting patients, the total serum 
alcium was diminished in only 3 


atients; the question of a reduction in 

he ionizable fraction in alkalosis is as 

‘t not settled. 
have found, however*, that the 


lministration of potassium alone will 
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revert the electrocardiogram to normal 
in spite of the coexistence of other 
electrolyte abnormalities. The only 
exception to this is in the presence 
of combined hypocalcemia and hypo- 
potassemia, where it is necessary to 
administer both calcium and potassium 
in order to restore the electrocardio- 
gram to a normal configuration. 

However, the possibility should be 
considered that the existence of coin- 
cident multiple spe deficiencies 
may alter the speed or sensitivity of 
the to adminis- 
tration. 


re sponse 


Summary. 1. The subject of hypo- 
potassemia is of considerable impor- 
tance because of the frequency with 
which it occurs and the profound na- 
ture of the disturbances of body func- 
tion that exist during this state. The 
importance of the electrocardiogram as 
an aid in the diagnosis of hypopotas- 
semia and in following the effects of 
therapy is stressed. 

2. The electrocardiographic patterns 
observed in hypopotassemia of various 
etiologies in 79 patients are presented. 
Five different patterns of T and ST 
segment changes accompanied by QT 
segment prolongation were observed. 
These consisted of the following: 1, 
depression of the ST segment of vary- 
ing degrees; 2, inversion of T waves; 
3. T waves of normal amplitude with 
prolongation of the QT interval; 4, low 
amplitude of T wave; 5, prominent U 
wave following T wave. The first 2 
patterns constituted the changes shown 
by 80% of those observed. Pattern 1 
was observed most frequently in vomit- 
ing ¢ -ases, Pattern 2 in diabetic acidosis. 

The electrocardiographic altera- 
ean observed in hypopotassemia were 
immediately reversible following the 
of potassium. 

. The U wave is an important cri- 
terion of hypopotassemia, having been 


present in 33 cases (42%). The signifi- 


oes BELLET, STEIGER, 
cance of the U wave generally and its 
relation to electrical systole is discussed. 
Evidence is presented which suggests 
that lengthening of the QT or QU 
interval are both important in the diag- 
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diminished serum or ionizable calcium 
probably contributed to the electro- 
cardiographic changes. The effect of 
the of this electrolyte 
suggested that its role in the production 


administration 


nosis of hypopotassemia. of the electrocardiographic alterations 


5. In some instances of alkalosis a was a minor one. 
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Prior to the advent of radiography, 
the clinical diagnosis of intracranial 
lesions depe nded almost entire ‘ly on an 
evaluation of the patient's history, 
symptoms and signs. In the hands of 
the most astute and experienced neurol- 
ogists, such limitations permitte ‘d only 
a very tentative diagnosis and in most 
instances confirmation of the diagnosis 
necessarily awaited autopsy. Thus it 
was that little impetus was given to 
cranial neurosurgery. 

With Roentgen’s recognition of the 
X-ray and the practical technical ¥" 
ve lopme nts which rapidily followed, 
soon became possible to obtain poe 
radiographs of the skull 
This immediately 


satistactory 


and its contents. 


clarified to a great extent many of the 
problems which had previously faced 
the neurologist and it was quickly ap- 
preciated that intracranial pathology 


Roacu, 
PROFESSOR OF RADIOLOGY 
MARYLAND 


M.D. 


Johns Hopkins University and Hospital) 
could in many instances characteristi- 
cally manifest itself radiographically in 
one or more of several ways such as 1, 
directly or indirectly de stroving the 
normal bone architecture of the skull; 
2, displacing normally calcified intra- 
cranial structures such as the pineal 
body and the choroid plexuses; and 3 
by laying down within the lesion sub- 
stances which are opaque to Roentgen- 
ravs. With this new tool, the accurate 
diagnosis of many of the diseases of 
the brain and_ its envelopes became 
practicable. The natural result of ac- 
curate diagnosis was a desire for 
definitive treatment and the necessary 
stimulus for the development of neuro- 
surgery was thus provided. 

It was not long, however, before it 
became clearly evident that a large 
proportion of intracranial lesions failed 
to produce any roentgenological 
(559 ) 
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changes in the skull whereby the ex- 
detected. In 
an effort to make diagnosis possible in 
this rather large group, Dandy in 1918 
after striking 
present in a suffering 


isting lesions could be 


observing the 
patient from 
pneumocephalus, withdrew 
the cerebrospinal fluid from the ven- 
tricles and replaced it with a gas. The 
ventricular 


changes 


traumatic 


rela- 
tively radiolucent in comparison to the 


cavities thus became 
surrounding brain substance and could 
thereby be visualized on subsequent 
Roentgen-ray examination. A study of 
the distortion and, or, displacement ot 
the ventricular wines proved to be a 
vital factor in often 
diagnosing space occupving 
processes which otherwise were roent- 
genologically undetectable. 

Dandy’s work proved to be a most 
valuable aid to the ne urological exam- 
ination of the encephalon and contribu- 
ted immeasurably to the rapid progress 
that neurosurgery 
publication. 


localizing and 


those 


v has made since its 
Indeed, many feel that 
Dandy’s contribution is perhaps the 
greatest single advance 
vet occurred 


which has as 
in the evolution of the 
neurological examination. 

Although standard and_ contrast 
roentgenographic examination of the 
cranium (ventriculography en- 
cephalography) had successfully clari- 
fied many of the diagnostic proble ms 
associated with intracranial 
still remained a sizeable group 
which consistently esc: detection 
by these methods. 
larly true 


disease. 
there 


This was particu- 
of those lesions which were 
directly a part of or intimately asso- 
ciated with the vascular system of the 
brain and meninges. It was to this 
problem that Egas Moniz of Lisbon, 
Portugal, first turned his thoughts in 
the early 1920's. He conceived the idea 
that if the blood vessels of the 
encephalon could be made temporarily 


opaque to the 


Roentgen-ray, then their 
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and abnormalities 


might be 


intrinsic pressure 


discerned. Moniz's early 
efforts concerned themselves with the 
injection of opaque into the 
His first 


when he 


material 


cerebral vessels of cadavers. 


notable encouragement came 


succeeded in correctly diagnosing a 


temporal lobe tumor trom Roentgen 
ray films made of the opacified ves 
sels prior to autopsy. Moniz then prac 
ticed his new technique on dogs and 
finally on living humans. His first paper 
on cerebral arteriography appeared in 
19274 then he 
to work towards the perfection of his 
methods. During this period he has 
published several fundamental books 


and many 


and since has continued 


on cranial angio 
graphy and might rightfully be termed 
the father of that technique. 

Cerebral was quickly 
taken up by other workers in Europe 
and 


articles?::* 


angiography 


many contributions appeared in 


European literature during the 1930's* 


22.28 It was not until the late 1930's 
and early 1940's that interest in this 
field manifested itself in North Amer- 


ica, first in Canada*** and later in the 
United States'*. In the past few vears. 
cerebral angiography has found its de- 
this country and_ is 
now widely used in almost all teaching 
institutions and many smaller hospitals. 

Cerebral angiogr: iphy finds its most 
important use in the 
lesions 


served place in 


detection — of 
associated with the 
Thus it is that such con- 
aneurysm, 


intimately 
blood vessels. 
ditions as 

fistula, 
tumor 


arteriovenous 


thrombosis and angiomatous 


can be clearly visualized by 
this technique. In addition many other 
pathological states, including almost all 
the tumors as well as non-neoplastic 
space-occupying masses such as hema- 
toma, may be demonstrated and _ not 
infreque ntly a correct cellular diag- 
nosis may be suspected. 

In no should cerebral 


way angio- 


graphy be considered a competitive ex- 
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amination in respect to 
graphy or encephalography. Instead, 

is a complementary study. It is he. 
lieved by most that arteriography 
should be used in patients in whom a 
a vascular lesion is suspected and in 
all others in studies fail 
adequately to demonstrate a presumed 
lesion. In the examination of patients 
who possibly harbor a space-occupying 
intracranial 


whom. air 


and who have a 
markedly elevated cerebrospinal fluid 
pressure, cerebral angiography is the 
choice unlike ven- 
triculogr: iphy and encephalography, it 
affects only slightly the pressure rela- 
tionships e xisting within the skull. Inas- 
much as very few advocate 
the bilateral injection of the cerebral 
vascular system with opaque material’, 

it is necessary 
side of the 


process lies 


Mass 


study of because, 


only a 


to determine on which 
brain the pathological 
Only rarely will injection 
of the opposite side vield any useful 
information. 

both air study and 
cerebral angiography has been advo- 
cated by some. 


The use. of 


' This however is apt to 
be a quite disturbing procedure to the 
patient, and, in our experience and that 
of others, it frequently leads to a con- 
fusing picture. It appears that more 
reliable information can be obtained 
by conducting the studies separately. 
Like all diagnostic cerebral 
angiography has its contraindications. 
rhese may be grouped in 2 large cate- 
gories which stem from the facts that 
|. objectionable sequelae, usually de- 
pending upon toxicity or an intrinsic 
sensitivity to the contrast material, 
follow its injection, and 2, the 
cerebral vessels of a patient may be so 
damaged by disease or the aging 
processes thé at the sudden rise in intra- 
vascular pressure occurring during the 
necessarily rapid injection technique, 
may produce further impairment of 
vessels and the brain substance 


tests, 


may 


those 


which they supply. Thus it is deemed 
wise to withhold cerebral angiography 
from those patients who are in the 
acute stage of a vascular accident and 
those who have advanced §arterio- 
sclerosis, extreme hypertension or Car- 
diac decompensation. In the case of 
an individual with known sensitivity 
to a given contrast substance, the ex- 
amination is contra-indicated as far as 
that chemical is concerned. It may be 
safely done, however, by substituting 
another contrast medium of a chemical 
family different than that of the offend- 
ing agent. 

The technique of injection as first 
recommended by Moniz® and_ still 
widely necessitates surgical ex- 
posure of the vessel to be injected. 
This procedure has much to be said 
for it, as by its use there is little chance 
of extravasation of the opaque 
medium, the desired branch (internal, 
external or common) of the carotid 
artery may. be chosen, the artery may 
be occluded proximal to the point of 
injection, thus preventing dilution of 
the medium, the head may be more 
conveniently placed for the radio- 
graphic filming and there is little dan- 
ger of injuring or stimulating the 
carotid body. There are, however, sev- 
eral disadvantages to this technique. 
These revolve about the fact that the 
surgical exposure of either the carotid 
or vertebral artery necessarily requires 
aseptic technique and facilities and it 
is a time consuming procedure. Careful 
aftercare is most important to prevent 
bleeding into the adjacent tissues 
which occasionally may be of alarm- 
ing proportions. Infection of the ex- 
posed tissues, as in any surgical pro- 
cedure, must be guarded against. 

It is possible by means of the per- 
cutaneous route to inject either the 
carotid or vertebral arteries without 
surgically exposing them. This so- 
called blind technique has been de- 


used, 
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several authors'!. Although 
it may at first appear difficult, it can 
be mastered in a relatively short time, 
as is exemplified by the combined ex- 
perience of a changing group of neuro- 
surgical house officers at the Johns 
Hopkins Hospital. During 1948, 113 
percutaneous carotid injections were 
attempted, and in these there were 15 
1949, the percutaneous 
112 times and led to 
successful results in all but 6 instances. 


scribed by 


failures. In 


route was tried 


During the first 2 months of 1950, 43 
carotid angiograms were done using 
percutaneous injection, and in_ this 


group there were no failures. Our re- 
sults in percutaneous vertebral injec- 
tion not 
probably because the vertebral artery 
than the carotid and it is 
more deeply buried and also because 
of the fact had _ little 
opportunity to acquire sufficient skill. 
as there is comparatively little clinical 
demand for vertebral arteriogr: phy. In 
1948 there was one attempt and this 
was unsuccessful. In 1949 there 
14 trials, of which 5 were in vain. In 
January and February of 1950, three 
patients were tried with success in only 


have been as encouraging 


is smaller 


that we have 


were 


one. Thus, as the percutaneous method 
of puncturing the carotid and to a 
extent the vertebral artery, is 
quite simply executed, requires little 


le ‘sser 


surgical facilities or aftercare, it 
is being more and more widely 
in preference to the open procedure. 
There are few difficulties 
inherent in the percutaneous method. 
\s noted above, it is not always pos- 
sible to enter the artery, particularly 
in those individuals who have. short 
stocky necks, and even after the artery 
is pierced, considerable care is required 
to maintain the needle tip within the 
lumen of the vessel. Failure to do so 
may result in extravasation 
of the opaque material into the soft 
tissues of the neck. 


time, 
used 


however a 


of course 


This is an ocea- 
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undesirable 


happening, as 


sional and 


the contrast media available for 


cerebral angiography are either very 


irritating to tissue or are radioactive" 
Another and less serious objection to 
the percutaneous methed is the fact 
needle is inserted into 


little 
1 is permissible, 


that once the 
the artery. motion of the 
patient's heac 
increases the difficulties of positioning 


very 
which 


the head for radiography. 

\ contrast medium, to be ideal, must 
several rigid conditions: 1. It 
This 


toxic 


satisty 
must be innocuous to the patient. 
that there 
or anaphylactic reactions to the body 
and also that there be no 
undesirable local effects at the site of 
injection. In cerebral angiography, the 


means should be no 


as a whole 


injected material is carried immedi- 
ately to the brain and thus is capable 
of exerting its effects in 
tration upon the brain in general and 
the vital centers in particular. Thus, 


high concen- 


manv substances which are useful for 


peripheral or cardiac angiography can- 
either carotid o1 


not be used for 


vertebral injection. 


2. It must be rapidly excreted from 
the body or be entirely inert if re- 
tained. This ordinarily requires the 


substance to be one which can pass 
through the 
sufficiently 
this organ, 


kidnev in concentrations 


low to avoid damage _ to 


or one which can be stored 


in the body tissues in an innocuous 
state. 

3. It must, and this is very im- 
portant, be relatively opaque — to 
Roentgen-rays and thus afford good 
contrast in comparison to the surround- 
ing brain substance and skull. It is not 
enough to outline only the major ves- 


sels and their tributaries; indeed, it is 
frequently necessary to visualize the 
detail of a vascular pattern consisting 
of a esto of tiny vessels. Unless this 
network be filled with a contrast sub- 
density, its 


stance of considerable 
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image will not be demonstrable on the 
film. 

The final essential is that it be 
readily miscible with the blood. Should 
the substance act like an oil and fail 
to mix well, then the entire lumen of 
will not be filled with 
opaque material and the roentgeno- 
graph of this vessel will unavoidably 
represent a distorted image. 

lnasmuch as it has long been known 
that the absorption of Roentgen-rays is 
a function of the atomic number, early 
attempts to find a good contrast sub- 
stance were directed to the higher ele- 
ments in the periodic table. Thus, it was 
that Moniz began by trying several of 
the halogens in combination with other 
substances which in themselves might 
be more or less opaque to the passage 
of Roentgen-rays and which, in com- 
bination with the halogen, provided a 
which relatively non 
toxic to the body. Moniz first used 
strontium bromide in 70% aqueous solu- 
tion but soon found this compound to 
be objectionably injurious. After ex- 
perimenting with several other sub- 
stances, he found 25% sodium iodide to 
be a satisfactory medium and used this 
material until 1931 when he changed 
to thorotrast. 

The contrast media in use today are 
of 2 types: organic iodine compounds 
ind thorium dioxide solution. 

Diodrast, the commonly used name 
tor 3.5 diiodo-4-pyridone-N-acetic acid 
diethanolamine, is representative 
member of the organic iodine family. 
There are also neoiopex, perabrodil, 
ind others.) Diodrast is an aqueous 
solution containing about 50% iodine 
n firm combination. Though far from 
ideal, it does reasonably satisfy most 
of our requirements. It is readily 
niscible with blood and it is excreted 

rapidly by the kidneys. Indeed 
liodrast finds its widest use as a con- 
trast substance for intravenous pvelo- 


the vessel 


chemical was 


563 


graphy. Diodrast, however, is toxic 
both generally and locally. General re- 
actions may be immediate or de layed. 
In the first instance they are appar- 
ently due to the direct action of the 
drug on the cerebral centers or to an 
anaphyl: wctic response to the chemical. 
They manifest themselves by a transi- 
ent subjective sensation of heat, in- 
crease in pulse rate, fall in blood _pres- 
sure, respiratory distress, nausea and 
vomiting, transient aphasia and hemi- 
plegia, convulsions, coma and occasion- 
ally death. Allergic phenomena may 
also appear in the form of urticaria, 
lacrimation, rhinitis, and edema of the 
tongue, glottis and larynx. 

Several tests for diodrast sensitivity 
have been advocated. These include 
such procedures as the instillation of 
a drop of diodrast in the conjunctival 
the subcutaneous or in- 
travenous administration of small 
amounts of the drug. In the Author's 
opinion none of these tests are fool- 


sac, and 


proof since he has seen numerous 
minor, several major, and fortunately 
only a few fatal, reactions following 


the use of diodrast in intravenous uro- 
graphy, angiocardiography, and cere- 
bral angiography in patients who failed 
to show any demonstrable response 
to the sensitivity test. In defense of 
diodrast, it can be said that all the 
fatal reactions in the Author's exper- 
ience, with the possible exception of 
one, have occurred after the injection 
of 70% diodrast for angiocardiography. 
However, death as a response to the 
35% solution has been many times re- 
ported in the lite rature?*, In cerebral 
angiography, 70@ diodrast will almost 
always cause a severe central reaction 
and it thus should never be used for 
this study. Some workers have reported 
satisfactory results with a 50% solution. 
but this has not been the universal 
experience’ 


In this hospital, during the vears 
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1948 1949 and the first 2 months 


of 1950, there have been 234 patients 
who 


and 


had cerebral angiograms per- 
formed via the percutaneous route 
with 35% diodrast. Several of these 


cases had multiple examinations. There 
have only 7 complications, ot 
which 6 were transient and left no per- 
manent residuals. The seventh, 
fatal, occurred in a comatose 
womahl with severe hypertension and 
clinical evidence suggesting an 
cranial hemorrhage. In 
rather 


been 


which 
was 


intra- 
retrospect it 
foolhardy to have at- 
tempted to perform an angiogram on 
this patient and in the light of our 
present 


seems 


cerebral arterio- 
graphy would not be considered for a 
patient in such poor physical condition. 

Diodrast also has an unpleasant local 
reaction and patients often complain 
of a burning pain along the course of 
the injected vessel. This is undoubtedly 
due to the which  diodrast 
initiates. Although the pain is not intol- 
erable, spasm of a can. fre- 
quently detract consider ably from the 
interpretability of the subsequent films 
and may occasionally lead to an incor- 
rect diagnosis. If diodrast is permitted 
to escape into the perivascular tissues, 
it unfortunately may 
which at can be 


feelings, 


spasm 


\ essel 


cause a reaction 
sufficiently 
severe to produce local necrosis. 

The radio-opacity of diodrast (35%), 
though not as great as other 
substances (thorotrast) available for 
cerebral angiography, is still sufficient 
to demonstrate adequately both the 


times 


some 


arterial and venous systems of the 
intracranial circulation even in their 
fine ramifications. 

Colloidal tri-iodo-ethyl stearate, an- 


other iodine containing — drug, 
was used rather extensively in E jurope 
prior to the second World 'W ar for 
cerebral arteriography but it has never 
been introduced into this country. It 
is reported that this material has better 
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contrast than diodrast (about the same 


as thorotrast) and _ its viscosity and 
miscibility are such that it easily pene- 
trates chan- 
tri-iodo-ethyl stearate 
is said to be rapidly excreted, to have a 


low toxicity. 


even the tiniest vascular 


nels. In addition, 
to produce verv little if 
any spasm of f the injected vessel, and 


if extravasation occurs little pain or 
tissue damage results*'*. If the above 
reports prove to be correct, then  tri- 
iodo-ethyl stearate would certainly 


very closely approximate our ideal con- 
Author can 
this 
bility as he has had no experience with 


trast medium. However, the 


neither confirm nor deny Possi- 


this drug nor is he aware of anyone 
North Attempts 
to obtain the material from Europe or 
to synthesize it 


America who has. 


here have been to 


no avail. 


The second contrast medium used 


rather widely in cerebral angiogr: iphy 
orc 
LIA 


colloidal solution of thorium 


marketed 
Thorotrast. 


iS 
under the 
Thorium 
90 and 
» Roentgen-rays. 


dioxide name 


has an atomic 
is theretore 
In the 
concentration permissible tor 

graphy, filled 


shadow 


number = quite 


opaque usual 
angio- 
thorotrast 


vessels with 


cast than do those 


other 


a denser 


containing diodrast or iodine 


compounds! ‘andthe 


subsequent 


angiograms presents a more readily 
interpretable appearance. 
Thorotrast is less irritating locally 


and the 
therefore usually painless. 


than is diodrast 


injection is 
The general 
reactions of thorotrast (anaphylactic 
or other ) 


are also less pronounced than 
those 


which follow the 
injection of an iodine containing sub- 
They however, and 
present much the same clinical form. 
Deaths have been reported following 
thorotrast injection*®. 


occasionally 


stance. do occur, 


, thorium has a 
high atomic number and thus lies with- 
in the naturally 


As mentioned above 


group of radioactive 
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halt lite is 131 x 10" 
years; in its decay it emits alpha, beta 
and gamma rays. The biological effects 
of the beta component are almost in- 
significant. 


elements. Its 


the amounts of 
alpha and gamma radiation are ap- 
preciable. Twenty-five cc. of thorotrast 
emit alpha particles equivalent to 0.5 
to | microgram of radium and gamma 
rays equivalent to 0.38 to 0.4 micro- 
grams of radium. Since 
‘radium poisoning in radium watch dial 
painters have indicated that radium in 
amounts as 


However, 


studies in 


micrograms 
the poten- 
tiality of serious consequences follow- 


small as 0.5 


may be very dangerous'* 


ing the use of thorotrast becomes para- 
mount. If were excreted 
from the body as rapidly as are the 
iodine compounds then it would be 
permissible to thorotrast’s 
‘Untortunately, just the 


thorotrast 


disregard 
radio activity. 
reverse is true, 
taken up by the reticulo-endothelial 
system and de ‘posited in high concen- 
tration in the liver, cali and bone 
marrow where it is retained for long 
periods of time. It has been experi- 
mentally shown that thorotrast can be 
detected in the reticulo-endothelial 
system within 5 minutes after injection, 
and decay products of thorium have 
been found in the feces and expired 
‘ir of patients as long as 7 years after 
injection of thorotrast**. List, Burge 
and Hodges'® ashed blocks of liver 
spleen and bone from an_ individual 
who, 2 months previously, had received 
14 cc. of thorotrast. Measurements of 
the samples showed that the amount 
of radioactivity in the spleen and liver 
exceeded the lowest recorded level in 
cases of radium poisoning. Since the 
tbove authors ordinarily use only 30 
ce. of thorotrast, they ‘adjusted their 
figures accordingly ‘and concluded 
that in the usual case the amount of 
radioactivity present in the reticulo- 
endothelial system would fall below 


as thorotrast is actively 


that of radium poisoning. However, 
the amount present would still be quite 
large and would seem to present a 
severe hazard. 

The effect 
has on 


that retained thorotrast 
the body has been discussed 
at considerable length in the literature. 
That it is or is not sufficiently harmful 
to preclude its use is not universally 
decided. The chief hazard is of course 
the possible carcinogenic effect of 
materials in general. It 
demonstrated by Selbie*® 
that thorotrast is capable of producing 
sarcomata when injected beneath the 
skin of rats and mice. Indeed, he has 
been able to produce sarcoma in rats 
in S5% of the animals injected. How- 
ever, the quantity of thorotrast which 
he used was quite large and therefore 
not strictly compari shies to the situation 
pre vailing after the intra arterial injec- 
tion of the usual amounts of thorotrast 
for cerebral angiography. 

search of literature reveals 
only 1 report of a malignant tumor 
which was related to the 
presence of thorotrast in the body 
tissues. This was recorded by Mce- 
Mahon, Murphy and Bates™° in a 71 
vear old woman who died of a massive 
intra-peritoneal hemorrhage from a 
primary endothelial cell sarcoma of 
the liver. The patient had received 
75 cc. of thorotrast 13 vears prev iously 
for the purpose of outlining radio- 
graphically a gumma of the liver. At 
autopsy, thorotrast was found to be 
scattered throughout the liver. Immedi- 
ately adjacent to the base of the tumor 
(apparently at the site of the healed 
gumma) there was a large collection 
of thorotrast. The tumor itself was 
composed of endothelial cells some of 
which had phagocytosed  thorotrast 
particles. Thorotrast was also found 
in the bone marrow, spleen and lymph 
nodes. “In each of these, there was 
degeneration, atrophy and defective 


radioactive 


has been 
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Much of the 
placed by fat and the little hemato- 
poetic tissue was represented by - 


growth. marrow was re- 


ters of abnormally primitive ce ts.” 

There can be little doubt that the r: om 
oactive thorotrast in this patient's bone 
marrow had produced a_ deleterious 
effect. It 
though it certainly is not proven, that 


also seems reasonable, al- 
the thorotrast played an important 
part in the development of the endo- 
thelial cell 


that this same case had been reported 


sarcoma. It is of interest 
illustration of 
the diagnostic advantages of thorotrast. 

In comparing the overall qualities of 


? 1 ‘ 
3} vears earlier*! as an 


thorotrast and diodrast with a view of 
deciding which is the suitable 
medium, it is the Author's 
opinion that the lack of excretion com- 
bined with the 


most 
contrast 


nature of 
thorotrast are more serious objections 
than the relatively greater frequence 
of reactions that occur with the 
of diodrast. 


radioactive 


use 
Those who are currently 
employing thorotrast inject a maximum 
of approximately 30 cc. 
graphic study. 
often —— ible to re peat the examina- 


tion 


for one angio- 


In our experience it is 


1 the immediate or even distant 


fuhion, or to inject one or more of the 
other 3 vessels supplying blood to the 
brain; and if thorotrast were used, 


there would not infrequently be pa- 
tients total would far 
exceed what at present are 
safe 


whose dosage 
possibly 
levels. 

The radiographic component of cere- 
bral angiography is most important be- 
cause, regardless of optimum filling of 
the cerebral vessels with a good con- 
trast material, if the quality of the 
roentgenograms are poor and the time 
of their exposure is improperly con- 
trolled, then the resultant films will be 
all but useless. The radiographic _re- 
cording of a well injected cerebral 
angiogram requires utmost coordina- 
tion between injector and Roentgen- 
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ray technician, and precise teamwork 


is essential before routinely successtul 


results are attained. 

Radiographic equipment in use at 
most hospitals today leaves great 
deal to be desired in regard to cerebral 
angiography, as multiple exposures in 
rapid succession are rarely permitte dd. 


Most 


into the position of obtaining only 3 


workers have been thus forced 


films in one plane following one injec- 


tion. It stereoscopic views are desired 


or if both lateral and anteroposterior 
projections are to be obtained, then 
multiple injections of contrast material 


are necessary. Recent technical de- 
velopments have produced trans- 
port mechanisms** designed to permit 
exposures in rapid sequence by means 
of either film 
intermittently 


advancing film through a 


successively changing 


cassettes or by simply 
roll camera 
tvpe of apparatus. That multiple eX- 
posures following the progress of the 
opaque substance from the arterial tree 
through the capillary bed and on into 
the collecting venous channels are 
necessary has been demonstrated many 
of the Author 
and others. On several occasions a film 
filling of the 
failed to 


pathologic: al lesion only to have it ap- 


times in the experience 


showing good cerebral 


vessels has demonstrate a 


pear characteristic: lly on other eXpo- 


made a fraction of a second 
before or after. 

Although a take 
cerebral angiographic films in only one 
plane, it is generally agreed that ex- 


posures in 


sures 


few investigators 


2 pi: ines at right angles to 
desirable but 

. In order to 
accomplish this with present day com- 


not onlv 
9.14, 16 17 


each other are 
absolutely essential! 


mercially available equipment, 2 sep- 
arate material 


each followed by a series of Roentgen- 


injections of contrast 


ray exposures must be accomplished. 
If stereoscopic views are desired, then 
{ series of injections and films must be 
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made. Since the injection of contrast 
medium, regardless of its type, always 
presents a definite though small haz: ard 
to the patient, it has appeared desira- 
ble to us to devise radiographic equip- 
ment which will the desired 
films but at the same time will decrease 
the total amount of contrast material 


used. 


insure 


Thus we have recently designed 


and built a double film transport 
mechanism which in conjunction with 
2 Roentgen-ray generators and 2 


Roentgen tubes permits the making of 
simultaneous films in 2 planes. With 
this equipment it is possible to com- 
plete the desired radiographic studies 
with only 2 injections of contrast ma- 
terial. If non-stereoscopic films are suf- 
ficient, only 1 injection is necessary. 
The net result is that angiographic 
studies (cerebral, cardio or other) can 
be obtained with only one-half the vol- 
ume of contrast media ordinarily re- 
quired. It would be a further distinct 
improvement if simultaneous 2-plane 
stereoscopic films could be made with 
| injection. This, is a tech- 
nical problem of considerable magni- 
tude and as vet a satisfactory solution 
is not available. 

There remains 1 additional portion 
of the radiographic equipment that 
needs technical attention. The quality 
of most angiograms is rather poor in 
comparison to standard radiographs. 
The chief cause of this lies in the fact 
that in most angiographic equipment 
a Stationary grid of the Lysholm type 
is used. Since the efficiency of this kind 
of grid is low, a considerable amount 
radiation succeeds in 
reaching the film and thus partially 
clouds the desired image. In addition, 
since the grid is stationary, grid lines 
appear on the film. The remedy for 
these defects lies simply in the use of 
a more efficient grid of the moving 
type. As yet, such equipment is not 
available, but it is 


however, 


of secondary 


comme reially ex- 


pected that it soon will be. 

Whether or not one chooses to ex- 
pose surgically or to inject percutane- 
ously the desired vessel, the injection 
itself must be done rapidly. This actual 
maneuver requires the application of 
considerable force to the plunger of 
the syringe, and it is difficult to apply 
manually the necessary constant pres- 
Furthermore, since filming must 
begin at or just before the completion 
of the injection, the operator's hands 
must be protected from the cumulative 
damaging effects of both primary and 
secondary radiation. Protection with 
lead shielding is usually a cumbersome 
and inconvenient procedure, to say the 
least. To overcome these difficulties, 
we have constructed an automatic in- 
jection device which operates on a 
vacuum principle. With this apparatus 
the speed of injection can be pre- 
selected at will, and the operator's 
hands remain totally outside the field 
of radiation. 

It is not the purpose of this paper 
nor does space permit a detailed dis- 
cussion of the anatomy of the cerebral 
vessels and their related brain struc- 
tures. Suffice it to say that the inter- 
pretation of cerebral angiograms, like 
the interpretation of roentgenograms of 
other parts of the body, requires an 
intimate knowledge of the anatomy in- 
volved. This is particularly true of 
cerebral angiography because very fre- 
quently the demonstrable deviations 
from the normal may be quite minute. 
An accurate knowledge of neuro- 
anatomy may be gained from the lit- 
erature and. standard texts®11:14.16.17, 
Unfortunately, however, this is not suf- 
ficient because the material available 
for study fails for the most part ade- 
quately to cover the many normal vari- 
ations and anomalies. It has been the 
almost universal experience of the 
uninitiated that this aspect of the inter- 
pretation of cerebral angiography has 


sure, 
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been the greatest stumbling — block. 
The Author has recently had the good 
fortune to examine a manuscript which 
great detail the normal 
vascular anatomy of the brain and its 
many variations. This paper is soon to 
be publishe and will 
serve a most useful purpose! 


discusses in 


The interpretation of cerebral angio- 
grams depends 
evaluation of the 


upon a_ meticulous 
changes in the vas- 


cular system of the brain produced by 


the various _ pathological processes 
which may arise in or about those 
vessels. In general, these changes fall 


into one or more of the following 
(a) displacement (b) ab- 
normal caliber (c) delay filling (d) 
delay in emptying (e) abnormal ar- 


terio venous communication 


categories: 


(f) abnor- 
mal distribution and (g) the formation 
of new 

Displacement of any one or more of 
the cerebral vessels de ‘pends to a large 
extent on the location of the space oc- 
cupving mass rather than on its overall 


size. A small mass lving close to a ves- 
sel will ordinarily produce a more 
prominent effect than a large one 


placed at some distance. In addition, 
lesions which are apt to be contained 
within themselves, or are encapsulated, 
produce more vascular displacement 
than do those which are bv nature 
infiltrative. The direction and amount 
of displacement as well as the portion 
of vessel or vessels affected make. it 
possible to determine with a considera- 
ble degree of accuracy the location of 
a space-occupying mass in almost any 
part of the brain. Lesions in the tem- 
poral lobe perhaps illustrate charac- 
teristic displacement better than those 
in any other location. Here in the 
lateral view, the middle cerebral ves- 
displaced upward and _fre- 
quently anteriorly while the anterior 
cerebral is gene rally unaffected. In the 
anteroposterior projection, the middle 


sels are 
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cerebral group is displaced medially. 
Occasionally, if the mass is suffiicently 
large, the anterior cerebral artery is 
displ: ced away from the lesion. 

The caliber of a vessel frequently is 
a diagnostic point in interpreting cere- 
bral 


ticularly 


angiograms. This feature is par- 


noticeable in such lesions as 


angiomata where the arteries and veins 


involved in the process may be several 
normal size. The 


times presence ot 


abruptly changes the cali- 
ap- 
projection 


aneurvsm 


ber of a vessel ordinarily 


pears as a small saccular 


arising from the side of a vessel, 


monly the 


com- 
intradural portion of the 
carotid or the Willis. Other 


processes such, as thrombosis. arterio- 


circle of 


sclerosis and spasm may produce pro- 
found effect on the apparent size of the 
lumen of a vessel. 

Delay in filling is not 


usually a 
very helpful sign. It 


seen in 
the presence of aneurysm or arterio- 
fistula. On the other hand, 
delay in emptying is frequently seen 


may be 
venous 
The delay is 


caused by the 
volume 


and is most important. 
usually abnormally 
of dilated vessels or by 


the presence of 


large 
abnormal vessels 
Thus, when the 
normal vessels empty, Opaque material 


is retained in the 


within a tumor mass. 


abnormal channels 
and casts a definite shadow on the sub- 
sequent film. This is the 
~ tumor 


so-called 
and it is most beneficial 
in ascertaining the 
of a tumor 


stain” 
histological nature 
tumors have a dis- 
tinctly characte ristic vascular pattern 


( 


as well as its physical size and location 

Normally there is of course a capil- 
lary barrier 
veins. 


between the arteries and 
There are, however, many patho- 
logical processes which change or cir- 
cumvent this barrier. Thus, early filling 
of the cerebral venous system may be 
seen arterio- 
angiomatous 01 


when such lesions as 
fistula 


other tumors are present, 


venous and 
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The 


cular 


normal distribution of the 
system is occasionally 


Vas- 
disturbed 
A. striking 
example of this frequently occurs in 
with meningiomata which 
often receive a portion of their blood 
supply from the external carotid artery 
by ; of the 
Under these circumstances the 


by intracranial pathology. 


association 


wal meningeal vessels. 
menin- 
geal vessels are distorted in shape and 
frequently enlarged in caliber. On oc- 
casion derived 
blood from the superficial branches of 
the external carotid which have per- 
forated the skull. 
The formation of \ 
tumor is a familiar pathological pic- 
ture. Angiographically, 


meningiomata have 


new vessels bv a 


these vessels 


are commonly demonstrated as large 
ot 


the major cerebral vessels to the tumor 
small, 


channels running from one or more 


or even pin point pathways 
within the tumor itself. The size, shape, 
length and numbers of these 
sels can be of extreme diagnostic help 
particularly if one wishes to venture 
t histological opinion. 


new ves- 
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OGY 
Summary. 1. The historical back- 

ground and development of cerebral 

have been recalled. 

The indications and contraindica- 

tions of cerebral angiography have 
been examined. 
The various techniques for inject- 
the opaque material have been 
considered and, it is believed, ample 
justification for preferring the percu- 
taneous route has been advanced. 


ing 


The advantages disadvan- 
tages of the several contrast media 
have been treated and the use of 


thorotrast has been condemned. 

The radiographic equipment suit- 
for cerebral angiography 
commercially available, 
developments at the 
Hospital 


able now 
and technical 
Johns Hopkins 
pertaining to experimental 
radiographic apparatus, have been con- 
sidered. 

The general principles of the in- 
terpretation of cerebral angiograms 
have been discussed and important 
diagnostic features have been pointed 
out. 
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From the Division of Medicine, Mayo Clinic 


\UREOMYCIN represents probably the 
most important development in anti- 
biotic therapy since the introduction of 
penicillin. Fortunately, like 
phenicol (chloromycetin ),_ it 
effectively administered 
route. The substance 
Streptomyces aureofaciens and 
first described by Duggar*'. It 
been found to be bacteriostatic. 
as bactericidal, 


chloram- 
can be 
the oral 
is elaborated by 


by 


was 
has 
as well 
for a number of im- 
portant gram-negative and gram-posi- 
tive microbes. Furthermore, has 
been shown that rickettsiae sensi- 
tive to its action. In spite of early 
reports concerning its effectiveness 
against certain viruses, it would appear 
that as an antiviral agent it has con- 
siderable limitations which will be 
mentioned later. That aureomycin 
possesses considerable antispirochetal 
activity was evident from studies re- 
ported from the Mayo Clinic*. It is 
regarded by many as the treatment of 
choice in lymphogr: inuloma venereum, 
granuloma inguinale, herpes zoster and 
so-called primary atypical pneumonia. 
It is thought to be effective in the treat- 


(570) 


are 


ment of infections caused by Klebsiella 
organisms, Hemophilus influenzae and 
Pasteurella tularensis. It is said to have 
in the treatment of brucel- 


losis. It is of 


some value 


considerable practical 
importance that many penicillin-resist 
ant and stre ptomyc in-resistant, as well 
as streptomyc in-de ‘pe ndent, 
to 


mvcin is a fairly soluble substance. 


organisms 
Aureo- 
but 
in solution it has a hydrogen-ion con- 
According 


are susceptible its action. 


centration between 4 and 5. 
Brver 
teriorates rapidly in alkaline solution. 
This the ot 
infections of the urinary tract it would 
highly desirable to attempt to 
keep the pH of the urine in the acid 
range. 
ABSORPTION, 


to and his colleagues'*, it de- 


being so, in treatment 


seem 


EXxcri 
rion. Aureomvcin is rather unstable in 
serum and body fluids, which property 
early 


DIFFUSION AND 


caused considerable difficulty in 
diffusion 
Heilman and 
the 
method de- 


studies on absorption, and 
material. 


studies 


excretion of the 
some 
general subject. Using the 
veloped in the laboratories of the Mavo 


carried out on 
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to establish cer- 
tain facts concerning the behavior of 
aureomycin after its oral and intra- 
administration to human_ be- 
\fter the administration of thera- 
peutically effective amounts of aureo- 
mycin, we 


Clinic, we were able 


venous 


Ings. 


' were able to demonstrate 
antibacterial amounts of the material 
in the serum, cerebrospinal fluid, liver, 
kidneys and spleen, as well pul- 
blood serum. of 
patients receiving multiple doses of 
aureomycin usually will reach a maxi- 


monary tissue. The 


mal concentration of approximately 
{ »gm. per ce. It would appear that 
the rate of excretion of 
rather constant in the 


aureomycin is 
of any 
impairment of renal function, and there 


absence 


appears to be no “piling up” of the 
antibiotic in the serum. of these 
patients. 

Aureomycin readily traverses the 


blood-brain barrier and diffuses readily 
into the cerebrospinal fluid. It is, there- 
fore, an effective agent in the treat- 
ment of infections of the central nerv- 
ous system, including pyogenic infec- 
tions, as well as neurosyphilis. Because 
of its acid pH and local irritation, it 
should introduced into the 
spinal canal. It diffuses readily through 
the placenta and is therefore available 
in the fetal circulation, a factor which 
is of importance in its possible value 
in the treatment of pyogenic infec- 
tions, as well as prenatal syphilis. For- 
tunately, aureomycin diffuses readily 
nto the pleura, and the pleural fluid 
‘ontent is approximately half that of 
the serum. It is, therefore, a useful 
igent in the treatment of infections of 
the pleura, but it should never be in- 
troduced into the pleural space. Fur- 
thermore, because of local irritation, 
ureomycin in its present form should 
iot be used for nebulization. 
\ureomycin is concentrated in the 
iormal liver and is excreted in the bile. 
amounts of the antibiotic are 


never be 


arge 
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constantly being excreted in the urine, 
but it should be emphasized that the 
amount of the material in the urine is 
no index of the amount of the sub- 
stance present in the tissues. It is a 
useful antibiotic in the treatment of 
infections of the urinary tract, but for 
the reasons just mentioned it is by no 
means the final answer to the proble m 
of the treatment of such infections, 
because, as I have already pointed 
out, the tissue content of aureomycin 
as well as that of any other antibiotic 
is undoubtedly of great importance in 
connection with the therapy of these 
infections. Some of the observations 
reported by Heilman and me** were 
confirmed by Dowling and his col- 
leagues®’. DeRoetth*? reported some 
studies on the penetration of aureo- 
mycin into the eye. When compared 
with other antibiotics, aureomycin ap- 
peared to penetrate less re ‘adily into 
the eye, but once it had crossed the 
blood-aqueous barrier, it appeared to 
remain longer in the ocular fluids and 
tissues. 

In connection with the absorption 
of aureomycin, the subject of aureo- 
mycin and aluminum hydroxide prep- 
arations has received some attention. 
According to diGangi and Rogers**, 
aluminum hydroxide is capable of ab- 
sorbing almost 100% of the antibiotic 
when assayed bacteriologically and 
colorimetrically. Waisbren and Huec- 
kel®® reported a very marked decrease 
of the content of aureomycin in the 
serum of patients who took aluminum 
hydroxide preparations with aureomy- 
cin. It is true that aluminum hydroxide 
preparations do interfere with the ab- 
sorption of aureomycin, but ther rapeu- 
tically effective concentrations can be 
attained when 1 teaspoonful of alumi- 
num hydroxide gel is used with each 
oral dose of 750 mg. of aureomycin. 
In any event, it is not necessary to use 
aluminum hydroxide preparations in 
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more than 10 to 20@ of patients. 

In addition to the 
by Heilman and me 
tion of 


method described 
‘4 for the 


various 


estima- 
aureomycin in body 
fluids, a number of procedures have 
described recently. It is 


been lnpos- 


sible to assess the value of one method 
versus another. It would seem that the 
procedure to be 
that which is most suitable for the par- 
ticular laboratory 
are being carried out. 
been described by 
14 


adopted should be 


in which the 
Methods have 
Brainerd and asso- 
Toharsky 
and his colleagues®**, Randall 


Whitlock and his asso- 


ASSAVS 


clates Schneierson and 
Levine 
and associates‘ 
and Saltzman 
IN Virro IN Vivo 


’ reported some 


clates' 
ACTIVITY. 
Demerec*! interesting 
studies which suggest that the pattern 
different 
from that of stre ptomycin resistance. 
He further pointed out that aureomy- 


ot aureomycin resistance is 


cin resistance may be similar to peni- 
cillin resistance. These observations are 
in line with the clinical 
with aureomycin to date: 


experience 
namely, that 
the development of resistance has not 
been a major problem. 

That aureomycin and penicillin are 
more active against gram-positive bac- 
teria than chlor- 
amphe nicol was quite e vident from the 
report of Pelcak and his co-workers** 


is stre ptomve in or 


Against gram-negative bacteria aureo- 
mycin was the most active of the anti- 
biotics tested. In other words, of the 4 
antibiotics mentioned, aureomycin ap- 
peared to be the most active against 
That aureo- 
mycin was not inhibited in the 
ence of blood serum in the media 
demonstrated by Beigelman’. A 
comparison of the bacteriostatic effect 
of aureomycin 

against Brucella was re- 
ported by Lacy and Lankford®*. Under 
the conditions of their experiment no 
aureomycin-resistant 


both classes of microbes. 


pres- 
was 


versus streptomycin 


organisms 


mutants were se- 
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lected from several strains of Brucella 
fact that 
mutants with high tolerance 
were vielded by the 
Fuller and ' reported 
Endamoeba histolvtica 


in contrast to the first stage 
to strep- 
tomvcin species 
examined. Faust 
that 


grew in cultures containing the optimal 


strains of 


amount of aureomycin as well as, if 


not better than, they grew in pe ‘nicillin- 


streptomycin cultures. Steenken and 
Wolinskv™® examined the in vitro and 
in vivo activity of aureomycin against 


Mycobacterium tuberculosis. It is quite 
that 
their experiments the 


conditions of 
had 


no deterrent eflect upon the course of 


obvious under the 


antibiotic 
disease in guinea 


tuberculous pigs. 


These — findings confirmed — by 
‘Both 
that the 
well tolerate 

That aureomycin 
antirickettsial 
trom the 


were 
referred to 
not 


Perry studies just 


suggest guinea pigs do 
aureomycin therapy. 
possesses potent 
properties is apparent 
studies of Anigstein and his 

Results of 
are in agreement with the previously 


Wong 


has reported a care- 


colleagues these studies 


reported observations of and 
Cox'!, Heilman‘ 
ful study of the 


action of aure omve in 


against Brucella infections in mice. It 
is evident from his studies that aureo- 
definite 


but that Brucella organisms 


mvcin exerts a 
effect, 
were not completely eliminated from 


ve ry suppres- 


sive 


the infected tissues after the use of this 
Atte: 


in combination 


antibiotic alone. comparing 


aureomvcin alone and 


1 number of other antibiotics. he 
that the 


effect on Brucella organisms is exerted 


with 
concluded most suppressive 
aureomvecin and 
That these 


Heilman were cor- 


by a combination of 


dihydrostreptomycin. origi- 
nal observations by 
rect would seem indicated bv results 
studies 


The latter studies were 


of similar 
ported by 


subsequently re- 
and associates". 
carried out on 
Brucella infections in the developing 
chick embryo. 


a 
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Ransmeier®' and also Larson®® both 
reported studies which indicate that 
aureomycin is highly effective both in 
vitro aud in vivo against Pasteurella tu- 
larensis. While results of these studies 
indicate that aureomycin should be in- 
vestigated in the treatment of tula- 
remia, it should be remembered that 
no therapeutic failures have occurred 
to date where streptomycin has been 
used against the disease. The advan- 
tage of aureomycin, however, would 
be that it can be effectively 
tered orally. Bradford and Dav" found 
that aureomvcin in rather large doses 
protects mice against experimental ins 
fections with Hemophilus pertussis. 
This action, however, was only bac- 
teriostatic. Deaths frequently occurred 
in the animals after cessation of ther- 
apy. According to Wells and Finland” 
aureomycin appeared to be effective in 
the control of psittacosis in chick em- 
bryos. There appeared to be a direct 
relationship between the dose of the 
antibiotic and the prolongation of life. 
There is some evidence in this report 
to suggest that the prolongation of lite 
after aureomycin therapy is a_ little 
more than the effect noted with chlor- 
amphenicol. That aureomycin has a 
slight suppressive effect against toxo- 
plasmosis in mice was suggested by 
the report of Summers"*. It was found 

his experiment that para-aminoben- 
zoic acid does not counteract the pro- 
tective effect of aureomycin, which can 
be interpreted as simply indicating 
that the mode of action of the anti- 
biotic is different from that of the sul- 
fonamide compounds. Experimental 
melioidosis in guinea pigs is not influ- 
enced by treatment with aureomycin, 
according to Cruickshank**. It seems 
from the report of Baldridge and his 
colleagues®, that aureomycin has no 
in vitro activity against herpes simplex 
virus. As compared with its activity 
against the larger viruses, a similar 


in vivo activity of aureomycin against 
herpes simplex could not be demon- 
strated. 

MetrHops OF ADMINISTRATION AND 
Dosace. The recommended oral dose 
of aureomycin in the treatment of in- 
fections with organisms susceptible to 
its action is as follows. For adult per- 
sons, 750 mg. (3 capsules) should be 
administered every 6 hours. For chil- 
dren the recommended dose is 500 mg. 
(2 capsules) every 6 hours; for very 
young children and infants, 250 mg. 
(1 capsule) every 6 hours. A  satisfac- 
torv method for ‘administration of the 
material to infants is to mix the con- 
tents of the capsule with a teaspoonful 
of jam, jelly or some other foodstuff. 

On occasion, reduction of the dose 
by half for a short period may lessen 
gastric irritation when it occurs. When 
aureomycin is to be administered for 
more than 7 to 10 days, is recom- 
mended that vitamin supplements be 
given. A satisfactory method for the 
oral administration of aureomycin to 
patients who have intranasal catheters 
in place for suction is simply to include 
the contents of the capsule in a feed- 
ing formula and to administer the mix- 
ture. If the catheter is clamped for 
approximately 2 hours, absorption will 
occur. 

If for any reason patients are unable 
to receive aureomycin orally, it may be 
desirable to administer it intrave- 
nously. Preparations of aureomycin for 
intravenous administration are now 
available. The recommended dose of 
aureomycin for intravenous in 
adult persons is 500 mg., administered 
every 12 hours. This amount is dis- 
solved in 250 to 300 ce. of saline solu- 
tion. We have not found it necessary 
to use a buffer for the administration 
of aureomycin by this route. The ma- 
terial should be administered at a fairly 
rapid rate through an 18-gage intra- 
venous needle. The foregoing amount 
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usually can be given in approximately 
15 minutes. It should never be 


by the intravenous drip method. 


given 
Aureomycin should not be 
into the 
The repeated injection of aureomycin 


injected 
veins of the lower extremities. 


produces venous irritation and throm- 
in turn result in 
When 


it should alw: LVS 


bosis. This may em- 


bolic phenomena. aureomycin 
is used intravenously, 
be injected into the veins of the upper 
Danger of embolic phe- 
nomena from the upper extremities 1s 


practically ne ‘gligible. Intravenous aure- 


extremities. 


omycin ther: apy should be used tor not 


than 2 or 


more 3 days. 

Considerable local irritation and pain 
result from the intramuscular injection 
ot aureomycin, and in its present torm 
the agent intra- 
muscularly. 

CLINICAI 
Betore 
indications for the use of 


I should like to 


as an antibiotic of 


should not be given 
\UREOMYCIN. 
general clinical 
aureomvycin, 


STUDIES ON 
discussing the 
mention aureomycin 
in the 
phylaxis of certain important infec- 
tions. At the Mayo 
subscribed to the 


value pro- 


Clinic we have 
never widespread 
prophylactic use of antibiotics. In fact, 
the general procedure is to be con- 
demned. 

On the 
important indications for the prophy- 
of antibiotics. One is the 
and obviously contaminated 
pe ritoneum. Because of its wide range 
of activity, 
value in the prophylaxis and treatment 
of peritonitis. 

The second condition in which the 


other hand, there are 2 or 3 
lactic 


grossly 


use 


aureomycin is obviously of 


prophylactic use of antibiotics is justi- 
fiable is prevention of a recurrence of 
rheumatic fever. Since 
an exceedingly — effective antibiotic 
agent when administered orally, it may 
well supplant penicillin for the pro- 
phylaxis of rheumatic fever. Its range 
of antibacterial activity is such that it 


aureomvcin is 


MEDICAL 


SCIENCHI 


should be recommended. A satisfactory 
daily, 


conviction 


given orally. 
that no 
heart 


amount is 250 mg. 
Finally, it is my 
patient with an organic lesion 


should undergo oral, intestinal, rectal 
or transurethral operative 
benefit of at least 


therapy 


procedures 
without the l or 2 


davs_ of with 


prophylactic 

penicillin or aureomycin. 
It is difficult, from the 

of published material, to 


in the 


examination 
assess the 
treatment 


value of aureomvcin 


of infections of virus origin. The re- 


Wright 


indicates that 


port of and associates! 


clearly aureomvyecin is of 


value in the treatment of lvmpho- 


granuloma venereum. This report was 


confirmed by Robinson and 


amply 
Prigot 


so 


associates and by and asso- 
ciates'!. It 
that the 


lvmphogranuloma-psittacosis group are 


should be remembered. 


however, organisms of the 


borderline, and that they may not re- 


main in the classification of true 


viruses. On the other hand, rather con- 


vincing evidence concerning the clini- 
cal effectiveness of aureomycin in the 


treatment of herpes zoster is presented 


by Case*!, by Binder and Stubbs'*, and 
by Finland and his colleagues**. Con- 
cerning the possible value of aureo- 


mycin in infections cause d bv he pes 
difficult to make 
results of experimental 


simplex, it is com- 


patible the 


studies discussed above and the clini- 
cal reports of Baer and Miller*, Beres- 
ton and Carliner®, and Arnold and 


associates”. 


There appears to be general agree- 


ment among a number of investiga- 
that aureomy- 
cin exerts a definite beneficial 


effect on course of different so- 
called viral « 
should 
that the 


pneumonia 


primary atypic: al pneu- 


monias. bear in mind, 


however, virus of so-called 


atypical has not been 
clearly isolated or identified. The pub- 


lished data contain little to support the 
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value of aureomycin in certain im- 
viral infections, such as the 
common cold, influenza, poliomyelitis, 
encephalitis, variola and rubella. Evi- 
date concerning its value 
against the plantar wart is by no means 
convincing. 


portant 
dence to 


In aureomycin it would appear that 
an effective agent is at hand for the 
treatment of the rickettsial diseases, 
including Q fever, typhus and Rocky 
\lountain spotted fever. That Q fever 
effectively treated the reby is 
evident from the re port of Lennette 
and That aureomycin is 
more effective than para-aminobenzoic 
acid in the treatment of Rocky Moun- 
tain spotted fever is evident from the 
report of and _ his 
Similar excellent results have been re- 
ported by Harrell and his associates* 
Gear and Harington**, and Baker’. The 
report. of Knight and his colleagues*® 
leaves little doubt concerning the ef- 
fectiveness of aureomycin in the treat- 
ment of typhus. 

\ number of reports have appeared 
concerning the value of aureomycin in 
the treatment of infections of the 
urinary tract and in the treatment of 
important venereal 
Collins and Finland** were impressed 
with the value of aureomycin in the 
treatment of certain urinary infections. 
Carroll and his colleagues*® concluded 
that aureomycin is effective in the 
treatment of infections : the urinary 
tract caused by E. coli, aerogenes, 
paracolon bacillus and infec- 
tions caused by Streptococcus faecalis. 

On the other hand, aureomycin ob- 
viously is no substitute for the elimina- 
tion of foci and other abnormal con- 
ditions, including obstruction, which 
may be present in infections of the 


can be 


associates” 


Ross associates** 


several diseases. 


urinary tract. Most investigators are 
in agreement that aureomycin is of 
little value in the treatment of infec- 
tions caused by Pseudomonas aeru- 


ginosa and species of Proteus. In favor 
of aureomycin over stre ptomycin is the 
fact that bacterial resistance does not 
readily occur. Rutenburg and Schwein- 
burg®® reported no evidence of the 
development of bacterial resistance in 
a series of infections of the urinary 


tract. The reports of Hill and associ- 
ates*®, Robinson and his associates‘ 
Prigot and associates*!, and Green- 


blatt and his colleagues** contain in- 
formation on the use of aureomycin in 
the treatment of 83 patients suffering 
from granuloma inguinale. Although 
in the past streptomycin has been re- 
ported to be of some value in the 
treatment of this infection, the results 
of the studies just mentioned leave 
little doubt that aureomycin is far 
more desirable than streptomycin in 
the treatment of granuloma inguinale. 
Chen and his colleagues** reported 
good therapeutic results from the use 
of aureomycin against gonorrhea. Yet 
no evidence is at hand to suggest the 
advisability of substituting aureomy- 
cin for penicillin in the treatment of 
infections with Neisseriae gonorrhoeae. 
In fact, the report of Robinson would 
suggest that the rate of cure obtained 
with aureomycin may be less than that 
achieved with penicillin. That aureo- 
mycin is of value in the treatment of 
chancroid was suggested by Zheutlin 
and Robinson'®*, The experimental 
studies of Heilman mentioned previ- 
ously clearly suggest that aureomycin 
possesses considerable antispirochet tal 
activity. Other studies from the Mayo 
clearly demonstrate that 
aureomycin is of considerable value in 
the treatment of early and late cutane- 
ous syphilis and syphilis of the central 
nervous system. 

Admittedly, penicillin is still effec- 
tive in the treatment of syphilis. On 
the other hand, aureomycin supplies 
a new antibiotic for the treatment of 
this infection and, moreover, may be 


employed for patients whose condition 
is resistant to penicillin or patients who 
are sensitive to penicillin. There is 
some evidence to suggest that aureo- 
mycin may be superior to penicillin in 
the treatment of syphilis of the central 
nervous system. Similar observations 
concerning the effectiveness of aureo- 
mycin in the treatment of syphilis have 
been reported by Irgang and Alex- 


ander**, Wiggall and his co-workers®”. 
Rodriquez and associates*'!, and Will- 
cox), 


The problem of resistance to penicil- 
lin on the part of microbes which 
originally were found to be susceptible 
to its action has been grossly exag- 
gerated and overemphasized. There is 
one exception to this general  state- 
ment. The number of strains of staphy- 
lococci which are resistant to penicillin 
which are being encountered has stead- 
ily increased during the past few years. 
Of the penicillin-re ‘sistant strains of sta- 
phylococci examined by Nichols and 
Needham, all were found to be sensi- 
tive to the action of aure omycin. Clini- 
cal reports by these investigators, as 
well as reports by Chandler and co- 
workers**, clearly indicate that aureo- 
mycin is effective in the treatment of 
infections caused by penicillin-resistant 
strains of Micrococcus pyogenes. 

That aureomycin has a definite sup- 
pressive effect on the course of cul- 
turally proved brucellosis is shown in 
the report of Spink and his associates", 
as well as in the reports of Bryer and 
associates'*, and Knight and his col- 
leagues*’. That aureomycin, on the 
other hand, is by no means a specific 
or uniformly curative agent can be 
seen easily in data subsequently pub- 
lished, including those of Spink and 
Yow"'. There can be little doubt that 
the most effective method of treating 
culturally proved brucellosis to date is 
that described by Barber and me**, in 


which aureomvein is combined with 
dihydrostreptomycin. 
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and Mac- 
Donald** have reported on the = suc- 


MeVav and _ associates" 


cessful use of aureomycin in the treat- 
ment of amebiasis. Their observations 
are interesting, but difficult to bring 
into line with the results of in vivo 
studies, mentioned earlier in this paper. 
in which aureomycin was used suc- 
cessfully to cultivate E. histolytica, un- 
less it is postulated that cure of human 
amebiasis is contingent on the eradi- 
cation of the bacteria from the intesti- 
nal flora, some of which are essential 
for the support of the amebas, which 
could no longer survive in the rela- 
tively sterile intestinal tract. A very 
comprehensive study on the effect of 
aureomvein on the bacterial flora of 
the intestinal tract of man has been 
reported by Dearing and Heilman** 
It is clearly evident from their studies 
that aureomycin is the most effective 

agent available to date for the removal | 
of bacteria from the intestinal tract. 
All bacteria culturable by the methods 
used by these investigators, except 
species ‘of Proteus and Pseudomonas 
were removed from the intestinal tract 
under the conditions of one of their 
experiments. Even Bacteroides species 
present in large numbers in normal 
feces, were not found in the feces of 
patients who received aureomvcin. 
Specimens of feces from 5 untreated pa- 
tients contained numerous Bacteroides 
organisms, under similar cultural 
cumstances. This is a real contribution 
to the preoperative preparation of 
patients. According to these investiga- 
tors, the conditions which hindered 
prevented removal of susceptible bac- 
teria were perforated intestinal lesions, 
intestinal fistulas and_ intestinal ob- 
struction. 

Bell and his colleagues* suggested 
that aureomycin exerts a beneficial ef- 
fect on the course of experimental 
pertussis and also human pertussis. On 
the other hand, Schoenbach** stated 
that aureomycin does not appear to be: 
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effective against whooping cough. To 
date the matter is unsettled. The ex- 
perimental studies referred to earlier, 
concerning the possible value of aureo- 
mycin in the treatment of tularemia. 
find confirmation in the clinical reports 
of Woodward and Rans- 
meier and his co-workers™, Carroll and 
* and Lindeke and Maiden*", 
all of whom reported on the successful 
of aureomycin in the treatment of 
tularemia. Aureomycin, how- 
hardly can be expecte ed to sur- 
pass the re ‘sults alre ady obtainable by 
the 
infection. 


Gorman! 


use 
human 
ever, 


use of streptomycin against this 
The lack of toxicity and ease 
of oral administration, however, prob- 
ably favor the use of aureomycin. 
\ureomycin has been investigated in 
the treatment of a number of infections 
of the skin. It used 1 
temically and also in the form of an 
ointment. Various types of skin lesions 
have been reported to show favorable 
response. For example, Hollander and 
Hardy*® were impressed by the value 
of aureomycin in the following types 
infected ulcers, derma- 
titis. pyoderma, necrosis ot the skin. 
pustular psoriasis and exfoliative le- 
According to Robinson and asso- 


has been SVS- 


of conditions: 


SLOTS. 
ciates™, a temporary suppressive effect 
was observed in dermatitis herpeti- 
formis. Some evidence to support the 
notion that aureomyein is of value in 
the treatment of pemphigus appears in 
the reports by Philip**, Natenshon"*, 
ind Bettlev''. Final assessment of the 
efficacy of aureomycin in the treatment 
f such a variety of infections must 
extensive studies. 

That aureomycin may prove of value 
n the treatment of certain ocular in- 
‘ections, including dendritic keratitis, 
; suggested in the reports of Appel- 
and Hale*, and Braley and 
sanders! 


iwait more 


nan 


The possible value of aureomycin 


1 the treatment of a number of mis- 


ellaneous infections must be consid- 


Ode 


ered, That aureomycin may be of value 
in the treatment of infectious 
nucleosis is suggested by 
and Li Unfortunately, a large, 
well-controlled study of the general 
subject has not yet appeared. The 
wide range of antibacterial activity of 
aureomycin, which includes. its effec- 
against both gram-negative 
and gram-positive microbes, as well as 
species of Clostridia, commonly found 
in the intestinal tract, imme diately sug- 
gests the value of this antibiotic in the 
prevention and treatment of acute sup- 
purative peritonitis. The studies of 
Yeager and associates'”® on experimen- 
tal peritonitis in dogs reveals the 
rather exciting comparison of a 90% 
survival rate in dogs treated with aure- 
omycin, as compared with a 20% sur- 
vival rate in the control animals. Their 
studies, as well as those of Wright and 
'4 in spite of the fact that 
the clinical experience is not large, are 
impressive enough to establish aureo- 
mycin as the antibiotic of choice in 
peritonitis. McVay associates*® 
have reported: instances in which 
septicemia due to Bacteroides organ- 
isms was treated successfully by the 
oral administration of aureomycin. In 
view of the experimental studies pre- 
viously discussed, it is not surprising 
that Steinbach and his associates® 
found aureomycin to be of little or no 
value against pulmonary tuberculosis. 
The temporary clinical abatement. of 
the pulmoni irv involvement of pancre- 
atic fibrosis after aureomycin the ‘rapv 
which was noted by Shwachman and 
his colleagues*”’ probably is best ex- 
plained on the basis of the control of 
secondary infection, rather than by any 
effect upon the primary disease itself. 
Uniform disappearance of pleuropneu- 
monia-like organisms from the genito- 
urinary tract ‘of patients was reported 
to follow the oral administration of 
aureomycin by Brown and associates", 
This occurred in patients with and 


mono- 
Gruskin*"’ 
Lyons”’. 


tiveness 


associates 
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without joint disease, and disappear- 
ance of the L organism followed the 
administration of aureomycin, whereas 
gold therapy had not eliminated the 
organism. conclusions can be 
drawn concerning the possible value 
the treatment of 


rheumatic diseases at this time. How- 


ot aureomycin in 


ever, it might be pointed out that, 
using aureomycin in rats, Kuzell and 
associates*! were able to cure experi- 
mental polvarthritis caused by the L4 
strain of pleuropneumonia-like organ- 
ism. On the other hand, it is not sur- 
prising that aureomycin produced no 
beneficial effects in several patients 
who had chronic rheumatoid arthritis. 

Toxiciry AND Reactions. Like peni- 
cillin, remarkably 
of serious toxic effects. In spite of wide- 
spread clinical experience of nearly 2 


vears. duration, only 2 


aureomvcin. is tree 


reports have 
appeared at the time of this writing 
describing toxic cutaneous effects of 


aureomycin in 2 


separate Cases. One 
case was reported by Riese™, the other 
by Rosanova and Warszewski™. 
Macht and Farkas®! suggested that 
aureomycin may interefere with coagu- 
lation of the blood and thereby favor 
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Although 
interest, the 
hazard involved in the use of aureomy- 


accidents. 


thrombo-embolic 
these observations are of 


cin on this basis is of little or no prac- 
tical significance. Randall and his col- 
leagues’*, reporting on the intravenous 
administration of aureomycin, found 
that, 


venous dose of 0.5 gm. of aureomycin 


when the recommended intra- 
is exceeded, certain mild toxic effects 


may be experienced. On occasion, 
when as much as 1 gm. of aureomycin 
is administered intravenously at a sin- 
gle injection, nausea and vomiting may 
occur and mild febrile reactions may 
be induced. 

It seems reasonable to conclude 
from the published data available at 
the time of this that 


mvecin probably is the most versatile. 


writing aureo- 
as well as the most important, anti- 
biotic agent that has been developed 
the penicillin. 
Its low degree of toxicity, its ease of 


since introduction of 
oral administration and the relative in- 
frequent emergence of resistant strains 
of microorganisms susceptible to its 
action are features which place it in 
the 


agent. 


category of an ideal antibiotic 
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SESSION OF 


Recordings of the Moving Spatial 
Forms in the Electrical Activity on 
Small Areas of the Cerebral Cortex of 
Cats and Monkeys. J. C. Litty, M.D., 
and W. W. Cuampers, Ph.D. (Johnson 
Foundation and Dept. Anatomy, Univ. 


of Penna. ). A new technique and some 


of the results of its use are described 
briefly. The Bavatron (A.L.E.E.- 
I.R.E. Symposium Volume on Instru- 


mentation in Medicine and Nucleonics, 
to be published by the American In- 
stitute of Electrical Engineers in 1950) 
records some 
tions of the 3-dimensional 
activity of the brain 
grams). The input field is picked up 
by 25 electrodes in a 5.x 5 square array 


2-dimensional cross sec- 
electrical 
(electro-icono- 


Simm. by 8 mm.) on the pia, is am- 
plified by 25 amplifiers, and used to 
intensity- ‘modulate 25 light sources in 
a 5 x 5 square array at the output. The 
moving and fixed figures and forms 
of the electrical input fields are thus 
transformed into corresponding pat- 
terns of variation of luminosity of the 
output field. The output field is photo- 
graphed with a motion picture cam- 
era at 128 frames per sec. to obtain 
the records called electro-icono-grams 

By projecting 
frames per sec. 


the E.L.G.s at 16 
on a screen subtend- 
ing a visual angle of 0.1°, the follow- 
ing results can be y the ob- 
server: 1, in deep barbiturate anes- 
thesia, the cortical responses to normal 
end organ stimuli can be seen to spread 
in the primary afferent 
stereotyped ashion 
first activated; § 


seen by 


areas in a 
the zone 
“barbiturate waves” 


from 


MARCH 21 


1950 


are seen to be simple forms which 
travel or which “grow” around a focus 
and fade away in place; spontane- 
activity in the conscious animal 
has traveiing, shifting figures of vari- 
sizes, and forms, de- 
pending grossly on previous stimuli. 


ous 


ous velocities, 


Some Effects of Oxygen Inhalation 
at High Partial Pressures Upon Man. 
C. ]. Lampertsen, M.D., D. Y. Cooper, 


\LD.. G. L. Emmet, M.D., H. H. 
Lorescucke, M.D., R. H. Koucnu, M.D., 
and C. F. Scummupr, M.D. (Lab. of 
Pharmacol., Univ. of Penna.). In stud- 
ies of the effects of inhalation of 
oxygen at high partial pressures 
(OHPP), samples of arterial and inter- 


nal jugular blood were collected dur- 
ing air breathing at sea level and from 
the same subjects during oxygen in- 
halation at an ambient pressure of 3.5 
atmospheres. Several subjects devel- 
oped convulsive seizures due to toxi- 
city of oxygen at the high arterial 
pO. produced. The table presents aver- 
age results of measurements on 10 
normal men. All changes produced by 
oxygen at 3.5 atmospheres were signif- 
icant. 

At 3.5 atmospheres the arterial 
plasma oxygen content of 6.5 vols. % al- 
most met cerebral oxygen requirements, 
as indicated by the near-arterial level of 
internal jugular hemoglobin saturation. 
Hemoglobin base which becomes 
available for carbon dioxide transport 
by reduction of hemoglobin decreased 
60%, producing an 8 mm. increase in 
\-V pCO, difference. The 3 mm. rise 
reflects an increased 

(581) 


in venous pO, 


| 
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Air, Sea Level O03, 3.6 A 
Blood 
Measurements Arterial Venous irterial Venou 
O. Content (vols. ‘ 18.6 12.3 25.9 17.6 
Sat 96.3 64.0 100.0 89.7 
pO». (mm. Hg 37 2360 74 
CO, Content (vols. ‘ 50.0 56.0 46.9 55.2 
pCO, (mm. Hg. +0) 52 55 
pH 7.39 7.33 7.42 7.30 
brain tissue pCO, which probably was done had a preoperative level 
contributed to the decreased arterial 6 y% and a level of ly? 5 weeks after 


pCO, by an increased pulmonary ven- 
tilation which was observed in subse- 
quent expe riments. Pulmonary _irrita- 
tion by oxygen has not been excluded 


as a factor in the respiratory stimula- 


tion. The small increase in venous 
pCO, indicates that retention of car- 
bon dioxide in the brain during ex- 


posure to OHPP is not an important 
factor in acute oxygen poisoning. 


Experience with Protein Bound Iodine 
(PBI); Effect of ACTH and Cortisone 
on Thyroid Function. James D. Harpy, 
M.D.. Cecm1a Riecer, Ph.D., and 
ELEANOR P. ErtsmMan, A.B. (Harrison 
Dept. of Surgical Research, Univ. of 
Penna.) There is general agreement 
that the PBI level of serum represents 
the concentration of the circulating 
thyroid principle. Using the perman- 


ganate method of Riggs and Man 
(Riggs, D. S., and Man, E. B.: J. 
Chem., 134, 193, 1940) the 


PBI levels of serum were determined 
on normal subjects, patients with thy- 
roid disease and patients receiving 
\CTH and cortisone therapy. The 
PBI levels in normal subjects ranged 
from 3 to 6y% These findings agree 
well with those reported by other 
workers using the same method. Pa- 
tients having abnormal thyroid activity 
presented values ranging from as low 
as ly% in a cretin to 16y% in a mark- 
edly thyrotoxic subject. In general, the 
thyrotoxic patients presented values 
above 8y% and below 13y%. One pa- 
tient in whom a total thyroidectomy 


This 
cord with the finding of low concentra- 
tions of PBI in the and _ tissues 
of thvroidectomized animals (Chaikoff, 


operation. observation is in ac 


serum 


I. L., Taurog, A., and Reinhardt, 

O.: Endocrinology, 40, 47, 1947; Mor- 
ton, M. E., Chaikoff, I. L., Reinhardt 
W. O.. and Anderson, E.: J. Biol 
Chem., 147, 757, 1943). 


The administration of ACTH or cor- 
tisone to patients with lupus e rythe ma- 
arthritis was fol- 


tosus or rheumatoid 


lowed bv a diminution in the 
level of PBI in 


pre- and post-treatment serum levels 


serum 
5 cases in whom both 
were obtained. In 4 cases in whom no 
pretreatment level was obtained the 
concentrations were abnormally low 
immediately following therapy. In only 
(liver disease) did the PBI level 
and in this case the second speci 
until 
course of treatment 
to 10 days. 


mechanism by 


case 
rise 
men was obtained not 5 weeks 
after the first. The 
usually lasted 7 

The exact 
ACTH and cortisone act 
the serum level of PBI 
On the basis of work reported by 


others (Paschkis, K. E., C: 


which 
to decrease 
is not certain 


intarow, A 


Eberhard, T., and Bovle, D.: Proc. So« 
Exp. Biol. and Med., 73 116, 1950: 
Riggs, D. S.. and Man, E. B.: J. Biol 
Chem., 134, 193, 1940; Soffer, L.. ]. 
Gabrilore, J. L.. and Jailer, J. W.: 
Proc. Soc. Exp. Biol. and Med., 71. 
117, 1948) it would seem possible 


that the adrenal cortex exerts an inhibi- 
tory effect on the thyrotropin stimulat 
ing effect of epinephrine. But whatever 
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the factors involved, it is important to 
realize that the effects of ACTH and 
are widespread and that the 
effects resulting from the 
administration of these compounds 
mediated through multiple 
metabolic processes. 


cortisone 
beneficial 


may be 


The Stimulating Effect of Xanthines 
on the Aerobic Formation of High 
Energy Phosphate. B. D. Po.is, Ph.D., 
FE. Powis, and L. Jeverkin (Diabetic 
Coma Project, Phila. Gen. Aris ). One 
of the key pathways for biological 
energy formation and utilization is the 
accumulation of high energy phosphate 
bonds in adenosine-triphosphate as a 
result of the oxidation of Krebs’ evcle 
metabolites. To evaluate various fac- 
tors regulating the velocity of these 
a preparation of mitochon- 
dria from rat liver was used, that ester- 
ified inorganic phosphate to high en- 
ergy phosphate levels while oxidizing 

_-keto-glutaric acid. 
with a MgATPase prepara- 
tion degrading high energy phosphate. 
As an system veast hexo- 
kinase was added to transfer the high 
energy phosphate from ATP, as form- 
ed, to glucose. In this manner a meas- 
ure of high energy phosphate formed 
a given time interval is obtained 
by determining the decrease in inor- 
The ratio of phos- 
phate esterified over the oxygen con- 
sumed becomes a measure of the effi- 
ciency of the oxidative process in pro- 
viding useful biological ene rgy. 

In a series of 26 rat liver prepara- 
the addition of 1.4 x 10-* Molar 
Xanthine to the enzyme substrate mix- 
ture produced a statistically significant 
increase in the amount of phosphate 
esterified, averaging a 101% increase 
over that of the control. The efficiency 
of the phosphorylating mechanism 

(P/O.) was increased by an average 
value of 63% over the controls. 


reactions, 


This reaction was 


indicator 


over 


ganic phosphi ite. 


tions, 


Studies of the oxygen uptake and 
phosphate esterified were made vary- 
ing time, pH and concentration of the 
purine. Optimal conditions for demon- 
stration of the stimulating effect were 
found at pH 7.2 with 30 min. incu- 
bation period. The pH activity curve 
with Xanthine was shown to vary 
markedly, both quantitatively and 
qualitatively, compared with the con- 
trol. 

Rating the increase in phosphoryla- 
tion with Xanthine as 100, the relative 
stimulating effects of other purines 
were as follows: Adenine 90, hypo- 
xanthine 57, Uric acid 30, Caffeine 153 
and prasad 126 at equimolar 
concentrations of the purines. 

The hypothesis was proposed that 
purines, like creatine, may serve as a 
high energy phosphate reservoir, thus 
implying that purines constitute an- 
other type of high energy phosphate 
compound, 


A Method of Studying the Attenu- 
ation of Alternating Sinusoidal Cur- 
rents Introduced into the Heart in Life 
and Death. |]. H. Harkenscute., M.D., 
A. ]. Neumann, MLS., C. F. Kay, M.D., 
E. L. Fourz, M.D.,D.D. M.D., 
and H. F. Zinsser, M.D. (Robinette 
Foundation, Sch. of Med., and the 
Moore Sch. of Electrical Engineering, 
Univ. of Penna.) Field theory applied 
to electrocardiography aims to deline- 
ate the spatial orientation of electrical 
forces of cardiac origin. Calculated 
orientations are based upon the as- 
sumption that the heart acts as a dipole 
immersed in an approximately homo- 
geneous electrical medium, that the 
arms and left leg are approximately 
equidistant electrically from each other 
and from the dipole, and that addi- 
tional body surface points may be em- 
ployed for orthagonal orientation. 
Quantitative determination of the de- 
gree by which calculated orientations 


diverge from true orientations requires 
investigation of the magnitude of error 
inherent in each of these assumptions 
Although ultimately feasible with a 
living human, the cadaver should pro- 
vide a practical substitute if the rela- 
tionship between conductivity and dis- 
tribution in the living can be quantita- 
tively correlated with that in the dead. 
Sinusoidal 20 cps currents were im- 
pressed upon the hearts of anesthetized 
dogs through dipoles placed by cathe- 
terization of the right ventricle and 
coronary sinus. These dipoles were 
shown to lie approximately at right an- 
gles to each other in serial anteropos- 
terior and lateral chest Roentgen-ravs. 
Potential between 
positions on the body were measured 
electrocardiographically. 


differences various 


Measurements were made as input 


current was increased until ventric- 
ular fibrillation occurred. Further 
measurements were made up to 24 


hours after death. Measurable surface 
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diflerences obtained 


potential were 
with input voltages of .2 volt and 
Input) current 0.2 milliampere. 


volt 
with a current of 1 milliampere was 


\n input of approximately 
sufficient to induce ventricular fibrilla- 
tion death. Potential 
between peripheral points increased 


and differences 
linearly with input current in any se- 
ries of measurements. A gross correla- 
tion existed between dipole orienta- 
tion and magnitude of measurements 
from peripheral leads. The relation of 
input voltage to output voltage (at- 
tenuation ) does not change after death 
by more than 175%. It seems probable 
that this change is largely a result of 
factors other than alterations in tissue 
This 


used in conductivity studies in cadav- 


conductivity. method will be 
ers, in the attempt to define the mag- 
nitude of error in field theory assump 
tions, if further experiments 


with a better output measuring devic: 


animal 


support these tentative conclusions 
PI 
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Cumicat Auplotocy. By Maurice SALtT?z- 
M.D., Ass’t Prot. of Otorhinology, 
Univ. Pp. 195; $2 figs. New York: 
& Stratton, 1949. Price, $5.00. 

Fius book has 5 chapters under the fol 
wing headings: Sound and Noise, Hearing, 
Hearing Tests and Hearing Aids 
nder briefly 
escribed. It is hardly possible in so short a 
ok containing 82 graphs to discuss any 
t the 
r even clarity. The 


\1AN 
remple 


Deatness 


each chapter sub-topics are 


topics to the point of completeness 
book is too brief 
thoughts not already 
nd well explained in the numerous textbooks 


and 
ontains tew present 
n Otolarvngology. The chapter on Hearing 
\ids much worth while. 
Comparatively few references since 1945 
used by the author despite the fact that 
ijor contributions and changes 
then. Many 
reference to 


however. is very 


have OCc- 
statements have no 
and are in 
rreement with generally accepted thoughts 
first page the Author 
tates about the ear “In frequency range the 
wer limit is 12 d.v. per see. and the upper 


irre d SIC 


peciti them dis- 


example on the 


iit is 41.000 dw. per sec.” Men such as 
etcher, L. A. Watson, and H. Davis, who 
e done actual determinations, state that 


though adults can hear only up to 16,000 
cles, some children may hear up to 25,000 
les. Even this, of course, is verv different 
m the 41,000 quoted by the Author. Scat- 
ed throughout the book are such question- 
statements without cited references. In 
Reviewers opinion this book has but lim- 
field. ° 


use in the 


Aciiviries OF THE Func. By 
ckson W. Foster, Univ. of Texas. Pp. 
1S: 34 ills. New York: 
49. Price, $9.50. 

fue Author of 


t} 


Academic Press 
this authoritative addition 
ie biochemical literature on micro-organ- 
is well qualified, through both academic 
industrial experience, to discuss the theo- 
i! and the practical aspects of mold 
tabolism. In addition to a valuable chap- 
devoted to the techniques of culturing 

preparing fungi for study, there are 
erous references throughout the text to 
tical techniques, as, for instance, the 
tion of mutants. A general discussion of 
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AND NOTICES 


Various pathways of carbohydrate metabolism 
is succeeded by single chapters on some com 
pounds most frequently encountered as by- 
products, namely lactic acid, acid, 
citric acid, and others. There is a section on 
natural and spontaneous and _ in- 
duced mutations. The trace-element nutrition 
of fungi is discussed. The utilization 
nitrogen and other elements 
a section on the various as- 
pects of the production of penicillin, the only 
antibiotic presented. 

The layman in this field will find much of 
theoretical interest and workers actively con- 
cerned in the microbiology of fungi will find 
much of practical interest. A.D 


oxalic 
variation 


and 
metabolism of 
is followed by 


\ Texrsnook or SurcEery. Edited by Frep 
Cunisrorner, M.D., Prof. of Surgery, 
Northwestern Univ. Med. School. 5th ed. 
Pp. 1550; 1465 ills. Phila.: W. B. Saunders, 
1949. Price, $13.00 

Tuts is the 5th edition of one of the best 
text books ever published on surgery. Dr. 
Christopher has edited a volume that has 
been written by a large number of the sur- 
gical teachers in America. Each section has 
t brief bibliography so that the student can 
readily go further into a subject. I cannot 
recommend it too highly for use in the teach- 
ing of surgery IR. 


RESUSCITATION AND ANESTHESIA FOR WOUNDED 
Men. By Henry k. Beecuer, M.D., Prof. 
of Research in Anesthesia, Harvard. Pp. 179, 
58 ills. Springfield, Il.: Charles C Thomas, 
1949. Price, $5.50. 

Tuts monograph is based on a large experi- 
ence gained at first hand while aiding in the 
treatment of the wounded soldier. The patho- 
logical physiology of the immediate physical 
insult to the body is discussed, and methods 
of treatment are aptly presented. A_ brief, 
concise and valuable discussion of the prob- 
lems these individuals present in anesthesia 
is included. There are many good charts and 
tables and the conclusions drawn by the 
Author are all well documented. ; 

The book can be unreservedly recom- 
mended to the physician who might at any 
time be called upon to manage traumatic 

P.D. 

(585 ) 


shock in civilian practice. 


BOOK 


ROENTGEN DIAGNOSIS OF DISEASE OF THI 


SkuLL. By Max Ritrvo, M.D., Ass’t Prof. of 
Radiology, Harvard Medical School. Annals 
of Roentgenology Vol. XIX. Pp. 409; 466 
ills. New York: Paul B. Hoeber, 1949. Price 


$16.00. 


luis book is largely an atlas showing some 
of the lesions that can he demonstrated by 
the Roentgen examination of the head. The 
large illustrations 
which are helpful, but in many of them either 


publisher has provided 
the original was poor or the quality of the 
paper prevents good definition of what the 
This 1s most 
chiet 
publication is its illustrations 
Other book are weak, 
this Reviewer's standpoint, in having too few 
illustrations. A 
ficiency is in the 


Author is trving to demonstrat 
unfortunate because one of the values 
of this tvpe of 
portions of the trom 
glaring example of this de- 
Intracranial 
There are a number of excellent 
irticles on this those 
by Dr. John Camp. The reader, who will 
usually be the welcome 

in this particular field should a 2d 


chapter on 
Calcifications 
subject: for instance, 
radiologist, would 
more 
edition be published 

The general make -up of the book is good, 
the printing is excellent, but the illustrations 


ire ill tact, poor. 


CLINICAL BilocHEeMisTRY. By ABRAHAM CAN 
rarow, M.D., Prof. of Biochemistry, Jefter 
son Medical Coll ge, and Max ‘TRUMPER, 
Ph.D., Commander, H(S USNR, Nat 
Naval Medical Center, Bethesda, Md. 4th 
ed. Pp. 642; 38 ills. Phila.: W. B. Saunders 
1949. Price, $8.00 

luis edition impresses the Reviewer as 


being greatly superior to the preceding, since 
extensive and often overdue revisions of nearl) 
ll topics have been made. Some 1947 refer- 
included. It will serve effectively 
student wishes to gain the 
without detail and the 
clinician who seeks specific answers to actual 


clinical problems. J. R. 


ences are 
both the 


essentials 


who 


excessive 


An ATLAS OF AMPUTATIONS. By DoNALp B 
Stocum, M.D., M.S., Sacred Heart Genl. 
Hosp., Eugene, Oregon. Pp. 562; 564 ills. 
St. Louis: C. V. Mosby, 1949. Price, $20.00. 
World War II General 
Kirk established amputation centers in sev- 
eral 
tion, study, and treatment of army amputees. 
The immense experience gained by surgeons 


DuRING Surgeon 


army general hospitals for the segrega- 


REVIEWS 


AND NOTICES 

in these centers unequaled during times ot 
peace forms the basis of this book by D1 
Slocum, who is former Chief of the Amputa 
tion Section at the Walter Reed General 


Hospital 
His atlas is concerned prim ily with ampu- 
rather 


tations performed because of trauma 


than for malignant or degenerative diseases 
Operative technique is exhaustively covered 
The sections on rehabilitation and prosthesis 
are complete and contain much material not 
previous books on 
The illustrations, chiefly photog iphs of 
unputees at the Walter Reed Hospital, ar 
abundant 


presented by amputation 


All surgeons who perform ampu 
tations should the book available for 
reference W | 


have 


ULTRAMICROANALYSIS By 
Ph.D.. Prof. of 
ilifornia Pp 

John Wile, & Sons 


(QUANTITATIVE 
Paut L. Kimx 
Univ. of ¢ 
York 


Biochemistry 
113 figs New 


1950. Price. $5.00 


IN biologic al research the small-scale analy 


sis of isolated systems or individual cellular 
goal to which much cur 
rent effort is directed 
that specialized discipline in such procedures 
of analytical Author is on 
of the investigators and teachers 


of these specialized techniques This 


compone nts is the 


Ultramicrochemistry is 


chemistry Phe 
most active 


volume 


presents detailed directions for analysis of 
many individual substances by _ titrimetric 
spec trophotome tric and volumetric gas meth 
ods. It is recommended to all who are con 
cerned with — the problems of chemica 
inalysis H. \ 
Orrick Orruorepics. By Lewis Coze> 
M.D., Asst Prot. of Orthopedic Surger 
College of Medical Evangelists, Los Angel 
Pp. 232, 156 ills. Phila Lea & Febiger 
1950. Price, $5.00 
Tuts must have been a difficult book 
write because it attempts to cover the co 


servative care of the large number of sul 
jects embraced under orthopedic surgel 
According to the Author, the book is intend 


detail 
methods. 


information 
The 


a book of this scope could w 


to give in sufficient 
simple therapeutic 
thinks that 


lude more 


Review 
instruction on the examinati 
of the normal in comparison with the abn 
mal joint. It should find a place in giving t 
rudiments of the specialty to interns, 1 
and well as an aid to 


dents nurses as 


general practitioner 


BOOK REVIEWS AND NOTICES DST 


NEW BOOKS 


Audiology. By Nowrox Canrietp, M.D., 
\ssoc. Prot. of Otolaryngology, Yale Univ. 
School of Medicine. Pp. 15. Springfield, 
Ill.: Charles C Thomas, 1949. Price, $1.75. 


Electronics: Experimental Techniques. By 
ELMORE Assoc. Prot. of 
Physics, Swarthmore College, and Mar- 
Sanps, Prof. of Physics, Mas- 
sachusetts Institute of Technology. Pp. 417 
New York McGraw-Hill, 1949. Price 


$3.75 


Lehrbuch der Klinischen Hématalogie. Vox 
Pror, Dr. Hans Scuurten. Pp. 470; 78 
ills. 42 in color. Stuttgart: Georg Thiem« 
Verlag imported by Grune & Stratton, 
1949. Price, $11.00. 


Differentialdiagnose der Inneren Medizin. By 
NaAgceLt. Pp. 794; 190° ills. Stuttgart: 
Georg Thieme Verlag; imported by Grune 
& Stratton, 1949. Price, $9.00. 


The Chemistry of Penicillin. Report on a 
Collaborative Investigation -by American 
ind: British Chemists. Edited by Hans T. 
CLARKE, JouN R. JouNson, and Sin Ropert 
Rosinson. Pp. 1094. Illustrated. Prince- 
ton, N. ].: Princeton Univ. Press, 1949 
Price, $36.00 


Coronary Artery Disease. By Ernst P. Boas 
M.D., Assoc. Physician, Mt. Sinai Hospital. 
New York, and Norman F. Boas, M.D. 
Pp. 399; 88 ills. Chicago: Year Book Pub- 
lishers 1949. Price, $6.00. 


\viation Medicine in its Preventive Aspects. 
Historical Survey. By Joun F. Fuvron, 
\1.D. University of London Heath Clark 
Lectures 1947. Pp. 174; 43 ills. New York: 


Oxford University Press, 1949. Price, $3.50. 


Hlormones in Clinical Practice. By H. E. 
Nrepurcs, M.D., Prof., Univ. of 
Georgia. Pp. 388; 57 ills. New York: P. B. 
Hoe ber, 1950. Price, $5.50. 


Tne 16 chapters of this outline of the physiol- 
“ey and clinical uses of the hormonal endocrine 
secretions deal with the pituitary, thyroid, para- 
thyroid, adrenals, pancreas, gonads,  vitamin- 
endocrine relationships, diagnostic procedures and 
the therapeutic use of non-hormonal substances 
in endocrine disorders. There is also a list of 
commercial hormone preparations, many of which 
ire of British manufacture and some of which are 
iot available at present. The style is clear and 
mple, but there is some tendency to over sim- 
plification, especially in the treatment of certain 

physiological relationships. E. R. 


Manual of Medical Emergencies. By Stuart 
C. Cutten, M.D., Prof. of Surgery, and 
E. G. Cross, M.D., Prof. of Pharmacology. 
State Univ. of Iowa College of Medicine. 
Pp. 267; 29 ills. Chicago: Year Book Pub- 
lishers, 1949. Price, $3.75. 


Advances in Carbohydrate Chemistry. Vol. 
1. Edited by W. W. Picman, Univ. of 
Alabama and M. L. Wotrrom, Ohio State 
Univ. Pp. 378. New York: Academic 
Press, 1949. Price, $7.80. 

TeN supyects include the structure and con- 
figuration of several carbohydrates, wood = sac- 
charification, boric acid in the determination of 
carbohydrate configuration, the hexitols, plant gums 
and mucilages, and the utilization of sucrose 
Reviews of blood group polysaccharides, and bio- 
chemical reductions at the expense of sugars, are 
of special interest to biologists. H. V. 


Bowery to Bellevue. By Emity DuNxNinc 
Barrincer, M.D. Pp. 262. New York: 
W. W. Norton, 1950. Price, $3.00. 


Tne story of New York’s first woman ambulance 


surgeon 


Grundriss der Allergie. Von Dr. med. Rv- 
DOLPH ABDERHALDEN. Pp. 179. Basel: 
Benno Schwabe, 1950. Price, Geb. fr. 14.50. 


The Common Infectious Diseases. By H. 
STANLEY Banks, Physician-Supt., Park 
Hospital, Hither Green, London. Pp. 354; 
90 ills. Balt.: Williams & Wilkins, 1949. 
Price, $4.50. 


Advances in Protein Chemistry. Edited by 
M. L. Anson, Joun T. Epsaur, and (for 
the British Isles) KENNETH Battery. Vol. 5. 
Pp. 481. New York: Academic Press, 1949. 
Price, $7.50. 

Tuts fifth annual volume of selected topics in 
protein chemistry contains many reviews of bio- 
chemical and general interest as indicated by the 
following titles: The Synthesis of Peptides; Amino 
Acid Composition of Purified Proteins; Biological 
Evaluation of Proteins; Milk Proteins; Plant Pro- 
teins; Synthetic Fibers Made from Proteins; Some 
Protein-Chemical Aspects of Tanning Processes; 
and Protein, Lipids, and Nucleic Acids in Cell 
Structures and Functions. H.V. 


Heavy Metal Prosthetic Groups and Enzyme 
Action. By Orro Warsurc. Translated 
by ALEXANDER Lawson. Pp. 230; 49 figs. 
London and New York: Oxford University 
Press, 1950. Price, $3.75. 

futs book is primarily of interest as a historical 
review of researches by Warburg and others on 
the role of iron in cellular oxidations. The last 2 
chapters are concerned with the Author's investi- 
gations of the photochemical reduction of quinone 
by green cells and with his previously unpublished 
work on the quantum requirement of carbon diox- 
ide assimilation. M. C. 
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BOOK 


NEW EDITIONS 


Essentials of 


Pathology. By Ropert L. FAULKNER, M.D 


REVIEWS 


Obstetrical and Gynecological 


Asst Prof. of Gynecology, and Marion 
Douc.iass, M.D., Formerly Ass’t Prof. of 


Gynecology Western Reserve Medica! 
School. 2d ed Pp. 357: 300 ills., 3 in color 
St. Louis: C. V. Mosby, 1949. Price, $8.75 

Questions, \Medical State Board, and Answers 
By R. Max Gorpr, M.D., Formerly Prot 
of Clinical Medicine, and Harrison’ F 
Fiuippixn, M.D., Assoc. Prof. of Med., Grad 
uate School, Univ. of Penna. Sth ed Pp 
663. Phila.: W. B. Saunders, 1950. Price 
$7.00. 

Urologic Roentgenology. By Mirey B. Wes 
son, M.D., Past Pres. Am. Urol. Assn. 3d 


ed. Pp. 282; 366 ills. Phila 
1950. Price, $7.50 


IN rewriting his book Dr. Wesson has prepared 


1 compact volume which should be of real value 
to the urologist and the radiologist. The Author 
has included a number of cases from his own 
ind his friend’s files. The illustrations are beaut 
fully done ind aid one greatly in’ interpretation 
f puzzling cases 

The previous editions were excellent; this one 
maintains the same high standard. The publishers 
ive done a fine job. In this small volume, the 
Author has covered every field in a most. satis 
tractors manner! E. P 


Lea & Febiger, 


Green's 


AND 


NOTICES 


Manual of Pathology. Revised by 


H. W. C. Vines, M.D., Prof. of Pathology, 
Univ. of London. 17th ed. Pp. 1200; 750 
ills. Balt.: Williams & Wilkins, 1949 
Price, $8.00 

Tris edition of an English publication has been 
extensively altered The material is presented in 
t precise, didactic fashion, which makes for quick 
ready reference The Author puts less imsisten 
upon detailed descriptions H.\ 

Practical Neurological Diagnosis. By R. GLEN 

Spuruinc, M.D., Clin. Prof. Surg. (Neuro 
surg Univ. of Louisville. 4th ed. Pp. 267 
101 ills. Springfield Il.: Charles C Thomas 
1950. Price, $5.00 

Doctor Spurling has adhered to hi plan t 
keep this work a simple practical guide to neu 
logical diagn : \ glossary f common neuro 
logical terms cluded It i not difficult t 
understand why there has been such a demand 
for his work. for it is so concise and clear that it 
must be of great aid to the internist and general 
practitioner publishers are to be mgratulated 


\ 


The 


upon the superior printing of the volume IR 


Text-book of Neuro-anatomy. By ALBERI 
Kuntz, Ph.D., M.D., Prof. of Anatomy 
St. Louis Univ. 5th ed. Pp. 524; 331. ills 
Phila Lea & Febiger, 1950. Price, $8.00 

No better recommendation can be given anys 
textbook of Neuro-Anatomy than that it required 
i Sth edition. The Author has attempted to bring 
the book up to date. This is always a difficult 
task ind reqt ire’s many a COMPromise whi h cat 
rarely be t vervbody’ atisfaction 

F. I 


Price, $2.00 each. 


BINDERS AVAILABLE FOR YOUR COPY OF 
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES 


In response to numerous requests, we can now offer subscribers attractive and sturdy 
binders large enough to hold six issues of The American Journal of the Medical Sciences 

These binders will not only help to preserve your copies of The Journal, but will prove 
a definite asset to the appearance of your library. Binders are dark blue fabrikoid, with 


the name: AMERICAN JOURNAL OF THE MEDICAL SCIENCES, stamped in gold. 


CORRECTION 


lable L of the article on Lipotropic Effect of Liver Extract (219, 198, 1950) should read: Diet 


II: Salt Mixture 3° 


Sucrose 15% 


Lard 6%; Sucrose 15% 


Diet III: Salt Mixture 3°; 


Casein Lard 6° 
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